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SECTION  5 
CONSTRUCTION  METHODS 


SYSTEM  AND  CONTROL  IN  BUILDING 
By  a.  G.  Moulton 

It  can  be  said  that  modem  construction  methods  owe  their  supremacy  to  the  mistakes  of 
the  past  and  an  equally  plausible  assumption  follows  that  the  mistakes  of  the  present  will  be  of 
similar  if  not  greater  assistance  to  the  builder  of  the  future.  A  recognition  of  this  fact  by  many 
of  our  representative  builders  has  inclined  them,  in  an  earnest  effort  to  profit  by  their  own  errors, 
to  undertake  a  more  serious  and  systematic  study  of  the  problems  coming  before  them  than  they 
were  wont  to  make  in  the  past.  Feature  by  feature,  each  feasible  scheme  has  been  taken  up  and 
separately  analyzed;  every  branch  of  industry  has  been  called  upon  for  that  which  would  seem 
to  assist  or  be  of  benefit  and  every  science  has  been  enlisted  for  that  which  would  be  helpful, 
until  today  there  stands  a  profession  in  all  that  the  name  implies  to  supplant  what  was  only  a 
trade  of  yesterday. 

The  first  result  of  such  serious  study  has  been  a  general  systematizing  of  the  essential  forces 
and  efforts,  both  as  applied  through  the  office  in  preUminary  preparation  as  well  as  in  actual  field 
operations.  System  implies  control,  and  this  is  now  obtained  through  the  assistance  of  two 
highly  important  documents:  (1)  the  "time  schedule;"  and  (2)  the  "working  estimate." 

1.  The  Time  Schedule. — ^Every  building  operation  before  reaching  the  construction  stage 
should  be  placed  on  a  definite  time  schedule,  with  predetermined  dates  for  the  arrival  and  de- 
parture of  each  individual  trade  that  will  enter  into  its  construction.  In  form  it  may  not  be 
unlike  the  railroad  folder  of  common  usage.  A  more  forcible  resemblance  may  perhaps  be 
found  in  the  discovery  that  it  is  equally  as  destructive  to  the  progress  of  a  building  to  assign 
two  conflicting  trades  to  the  same  period  as  would  obtain  were  two  trains  to  attempt  the  same 
stretch  of  track  concurrently. 

la.  Elements  of  the  Time  Schedule. — A  properly  prepared  building  schedule 
will  assign  to  each  trade  on  the  operation  four  definite  dates: 

1.  The  dat«  on  which  subcontracts  or  purchase  orders  should  be  placed  in  order  that  the  materials  involved 
may  be  properly  and  economically  prepared  and  deliv^es  synchronised  to  keep  pace  with  the  leadins  trade.  On 
a  well-analysed  operation,  such  a  thing  as  waiting  for  materials  is  quite  inexcusable;  not  only  will  the  continuity  of 
the  trades  be  disturbed,  with  consequent  hardship  to  other  departments  and  lines  not  to  blame,  but  more  often 
than  not,  a  permanent  delay  to  the  building's  completion  will  ensue.  This  directly  affects  the  owner's  interest, 
and  on  many  enterprises,  where  the  investment  assumes  vast  proportions  as  the  date  of  completion  approaches, 
even  so  little  as  a  day's  delay  may  be  a  matter  of  serious  financial  loss.  Equally  so,  it  is  important  not  to  crowd  a 
job  with  materials  before  the  operation  is  ready.  To  do  so  means  additional  expense  of  rehandling  and  temporary 
protection,  to  say  nothing  of  the  handicap  placed  on  other  trades  by  causing  them  to  work  over  and  around  stored 
materials. 

2.  The  latest  date  on  which  all  information  inclusive  of  designs,  scale  details,  and  approved  shop  drawings 
must  be  in  the  hands  of  the  subcontractors  or  shop,  in  order  that  they  may  intelligently  prepare  or  fabricate  the 
materials  and  meet  promised  delivery.  With  the  importance  of  this  date  recognised  by  the  architect  or  designing 
engineer,  little  or  no  difficulty  should  be  experienced  in  adherence  thereto.     On  the  other  hand,  without  this  very 

idose  cooperation,  many  serious  set-backs  will  creep  into  the  building  operation  and  constant  watchfulness  may 
be  required  on  the  i>art  of  the  builder  to  protect  the  schedule  at  this  point. 
3.  The  date  on  which  actual  field  work  at  the  building  should  commence.     Here  again,  delays  are  dangerous. 
The  failure  of  one  trade  to  take  its  appointed  place  at  the  time  designated  will  either  throw  back  all  succeeding 
trades  a  corresponding  period  or  will  result  in  the  confusion  of  two  or  more  trades  trsring  to  operate  in  the  same  space, 
vntil  the  delinquent  one  has  speeded  up  to  resume  his  normal  station.     While  the  exact  sequence  in  which  the  var* 
,  ioQs  trades  should  be  brought  upon  the  work  is  in  a  few  instances  debatable,  their  position  as  a  rule  is  generally 
^  pmdetennined  by  the  relation  one  bears  to  the  other.     When  this  relationship  is  not  clearly  defined,  such  as  between 
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steam  or  plumbing  risers  aod  floor  arches  of  steel  frame  buildings,  or  between  plaster  ceilings  and  cement  or  marble 
floors,  resort  must  be  had  to  local  custom,  and  the  adaptability  of  the  tradesmen  involved  to  that  procedure  which 
would  seem  the  most  economical  in  time  and  money.  Other  things  being  about  equal,  that  method  resulting  in  the 
least  total  time  expended  on  the  structure  should  always  receive  the  decision. 

4.  The  date  on  which  all  field  work  should  be  completed;  a  delay  here  may  or  may  not  be  so  vital,  dependent 
on  whether  succeeding  trades  are  held  up  thereby  in  the  completion  of  their  work. 

A  slow  or  faltering  trade  is  always  a  detriment  to  any  building  enterprise,  and  it  is  for  the  quick  detection  and 
prompt  cure  of  such  symptoms  that  the  time  schedule  serves  its  most  important  purpose. 

16.  Stages  of  Building  Operations. — The  facility  and  practicability  with  which 
a  time  schedule  may  be  prepared  is  dependent  quite  largely  on  the  experience  and  general  knowl- 
edge of  trade  sequences  possessed  by  the  compiler.  For  an  initial  try-out  it  is  well  to  conceive 
the  building  as  divided  into  the  three  periods  or  stages  of  construction  into  which  it  quite 
naturally  groups  itself.     They  are  as  follows: 

(1)  Foundations  and  walls  to  grade. 

(2)  Superstructure  without  finishing  trades. 

(3)  Finishing  trades. 

First  Stage. — For  the  first  stage,  conditions  will  be  found  to  vary  so  with  each  different  structure  that  set 
rules  do  not  readily  apply.  Preparation  of  site,  with  possibly  a  wrecking  operation,  excavation,  foundations,  sheet 
piling,  shoring,  piling,  caissons,  steel  grillage,  and  walls  to  grade  may  all  be  involved.  In  ascribing  time  values  to 
this  class  of  operations,  only  an  intimate  knowledge  and  study  of  local  conditions  can  be  relied  upon.  Each  indi- 
vidual operation  should  be  analysed  separately,  and  that  starting  date  established  which  will  result  in  the  greatest 
harmony  to  the  whole.  It  should  be  borne  in  mind  that  at  this  stage  the  working  space  is  greatly  restricted, 
and  the  surrounding  conditions  for  the  receipt  and  storage  of  mat«ials  are  apt  to  be  at  the  worst.  In  order  to  com- 
pensate for  unforeseen  contingencies,  as  much  slack  as  the  total  time  allowed  for  the  building  will  permit  should  be 
allotted  to  this  stage  of  the  operation;  even  at  the  expense  of  a  sensible  tightening  up  on  the  schedule  for  the  balance 
of  the  work.  A  rough-and-ready  check  found  useful  by  the  writer  is  an  allowance  of  2  ft.  per  week,  the  figured 
distance  being  the  depth  to  which  the  footings  project  below  grade.  Such  a  check  is  not  accurate  on  very  deep 
foundations,  such  as  are  met  with  in  Chicago  practice  with  caissons  extending  00  or  100  ft.  below  grade,  but  more 
directly  applies  to  rock  work  and  foundations  of  medium  depth  as  found  in  the  East  and  elsewhere. 

Second  Stage. — The  second  stage,  that  of  the  superstructure,  is  controlled  in  time  values  by  the  three  basio 
trades  involved: 

1.  The  supporting  steel  skeleton,  or,  if  wall  bearing  construction,  the  exterior  walls  themselves. 

2.  The  arches  or  floor  construction. 

3.  Dividing  walls  or  interior  partitions. 

All  other  roughing  trades  are  collateral  with  of  dependent  upon  one  or  the  other  of  the  aforementioned 
principal  lines. 

In  the  further  discussion  of  the  time  schedule  and  its  preparation,  reference  will  be  had  to  the  steel  frame  or 
strictly  fireproof  type  of  building  as  generally  found  embodied  in  the  modern  hotel  or  oflice  structure.  Being  more 
complex  in  the  number  and  variety  of  trades  involved,  it  will  serve  as  the  best  illustration.  Schedules  for  other 
t3rx>M  of  construction  can  be  evolved  by  similar  methods,  simply  eliminating  those  trades  which  do  not  pertain. 
On  this  type  of  construction  4  to  5  dasrs  per  story  of  height  is  the  usual  time  allowance  for  erection  of  the  steel 
frame.  It  is  to  be  noted  that  on  the  above  basis  the  area  of  the  building  bears  no  direct  function  to  the  progress 
desired.  It  has  an  effect,  however,  on  the  tjrpe  of  equipment  to  be  chosen,  which  will  be  referred  to  later.  As  an 
illustration,  a  12-6tory  hotel  or  oflSce  building  would  be  allotted  from  48  to  60  days  in  which  to  carry  the  steel  work 
from  grade  to  completion,  which  includes  the  time  required  by  the  steel  erector  in  getting  his  forces  and  equipment 
away  from  the  building.  The  collateral  trades  dependent  on  the  steel  work  should  be  started  concurrently  with  it 
or  at  intervals  of  a  few  days— due  caution  as  to  the  safety  of  the  workmen  involved,  and  the  proper  sequence  to 
prevent  the  covering  up  of  uncompleted  work  by  other  trades  being  observed. 

The  second  controlling  trade  embraces  the  floor  construction,  or  arches.  A  safe  rule  is  to  set  this  down  to  start 
from  25  to  40  days  after  the  start  of  the  steel ;  and  the  third  controlling  trade,  or  interior  partitions,  the  same  period 
after  the  start  of  the  floor  arches.  In  each  instance  the  dependent  trades  will  be  assigned  their  places  in  manner 
similar  to  that  described  for  those  following  the  steel. 

Third  Stage. — For  the  finishing  trades,  or  third  stage  of  the  building,  conservative  practice  permits  an  allotment 
of  from  90  to  120  days  after  completion  of  steel,  indicating  about  40  days  aftar  completion  of  interior  partitions. 

Ic.  Total  Time  Involved. — Reverting  again  to  a  12-8tory  structure,  and  assum- 
ing that  the  foundations  extend  20  ft.  below  grade  with  basement  included,  the  time  schedule 
will  now  have  reached  somewhat  the  following  values: 

Foundaticns:  10  weeks  or  70  days 70  days 

Steel  frame:  A\i  days  per  story,  or 64  days 

Arches  finish  after  steel 30  dajrs 

Partitions  finish  after  arches 30  days 

Finishing  trades  100  days  after  steel 40  dajrs 

Total  time 224  days  or  7H  months. 
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1(2.  Specimen  Time  Schedule. — A  specimen  time  schedule  as  completed  and  used 
in  actual  practice  is  shown  on  p.  805.  The  dates  shown  in  the  two  right-hand  columns  are  those 
worked  out  first  by  methods  just  described;  those  in  left-hand  columns,  the  purpose  of  which 
has  already  been  referred  to,  are  then  deduced  from  the  starting  dates.  The  accuracy  with 
which  they  may  be  established  depends  almost  wholly  on  the  exact  knowledge  posseased  by 
the  compiler  of  modem  shop  practice,  and,  to  a  lesser  degree,  on  his  acquaintance  with  the 
local  customs  prevailing  in  the  locality  at  which  the  different  branches  of  the  work  are  being 
fabricated. 

le.  Time  Schedule  as  a  Plan  of  Operation. — The  time  schedule  after  completion 
should  be  freely  circulated  among  all  interested  departments.  To  the  designing  engineer  or 
architect,  it  indicates  the  precise  sequence  and  the  latest  date  at  which  all  information  in- 
cluding approvals  must  be  available ;  to  the  contract  department  it  indicates  the  latest  dates 
on  which  subcontracts  may  be  safely  let;  and  it  also  supplies  the  starting  and  completion 
dates  to  be  incorporated  therein.  It  furnishes  the  purchasing  department  with  exact  infor- 
mation on  which  to  base  future  deliveries  of  stock  material ;  to  the  expediting  and  traffic 
departments  it  is  indispensable  in  following  up  the  preparation,  shipment,  and  delivery  of 
fabricated  materials  from  distant  shops  and  factories;  to  tlie  building  superintendent  it 
should  be  his  daily  guide  and  reference  for  the  coordinating  of  all  field  activities. 

2.  The  Working  Estimate. — Second  only  to  the  time  schedule  as  a  controlling  feature  is 
the  ''working  estimate.''  Some  authorities  will  be  found  who  give  it  preference  on  certain 
operations,  believing  that  where  time  is  not  specifically  mentioned  as  the  essence  of  the  contract, 
and  strict  economy  only  the  end  to  be  gained,  that  a  time  schedule  implying  speed  will  have 
excessive  costs  attached  thereto.  A  little  thought,  howe\'^cr,  will  dispel  s\ich  a  theory  when  it 
is  recognized  that  a  properly  prepared  time  schedule  does  not  make  for  speed  at  the  expense  of 
economy,  but  rather  holds  its  strength  through  its  requirement  for  orderliness — ^in  itself  one 
of  the  fundamentals  of  economics.  Through  its  harmonizing  influence,  many  a  valuable  day 
will  be  retrieved  to  the  owner  to  become  a  revenue  producer,  and  at  a  lesser  cost  to  the  operation 
as  a  whole  than  if  the  work  was  carried  on  without  its  beneficial  guidance. 

2a.  Basis  of  Working  Estimate. — The  working  estimate  may  be  based  upon 
data  already  secured  through  preliminary  cost  estimates  of  the  work,  but  is  more  generally 
the  result  of  a  careful  re-check  on  all  quantities,  taken  direct  from  the  plans  after  the  award 
of  a  contract. 

For  thoee  lines  of  work  on  which  the  builder's  own  forces  will  be  employed,  the  quantities  of  material  or  labor 
involved  will  bo  set  down  in  conventional  terras  against  which  the  selected  price  units  wiU  be  applied  and  the  whole 
extended  into  dollars  and  cents.  This  is  carried  out  trade  by  trade,  the  greatest  amount  of  detail  beinc  obaerved 
to  insure  to  the  fullest  extent  the  elimination  of  all  possible  errors,  and  holding  those  that  might  oocur  to  the 
minimum  value. 

If  it  is  deemed  desirable  to  have  a  complete  schedule  equalling  the  total  allowance  for  the  building  operation, 
there  will  be  added  to  the  above  figures  the  various  sub-allowances  for  those  lines  of  work  which  are  to  be  purchased 
in  their  entirety,  commonly  called  subletting. 

2&.  Standard  Manual  For  Cost  Data. — In  order  to  standardize  the  work  and 
insure  a  more  accurate  and  systematic  collection  of  the  cost  data  by  field  material  and  time 
clerks,  it  has  become  common  practice  for  the  builder  to  prepare  a  standard  or  manual,  covering 
all  possible  subdivisions  of  work  on  which  (^osts  will  be  required,  each  branch  and  subdivision 
of  same  being  indicated  by  a  code  letter  or  combination  of  letters  and  figures.  The  characters 
of  this  abbreviated  index  are  then  used  to  indicate  disposition  on  all  team  tickets  or  other 
material  receipts  as  well  as  subdivisions  of  time  on  daily  time  books,  payrolls,  etc. 

The  working  estimate  can  be  of  value  only  to  the  extent  of  the  intelligcnre  with  which  it  is  utilised.  To 
check  same  against  actual  results  obtained  nn  un  operation  after  the  work  in  qucntion  has  been  installed  and  eom- 
pleted  can  be  productive  of  no  value  except  portflibly  in  relation  to  future  work  of  similar  character.  To  secure  the 
full  possibilities,  some  coraprohcnHivc  syrttcin  of  cost  recording  ia  CHsontinl;  dutu  as  to  progress  made,  materials 
used,  time  involved,  etc.,  should  be  collortcd  <laily  by  the  field  clerical  forces  with  the  results  tabulated  in  weekly 
or  semi-weekly  reports.  Where  the  volume  of  work  in  any  particular  line  id  large  and  fairly  constant  in  its  char- 
acter, weekly  reports  will  probably  fulfill  every  requirement,  but  where  the  volume  is  small  or  the  conditions  under 
which  it  is  proceeding  are  constantly  changing,  the  semi-weekly  or  even  daily  reports  should  be  prepared.  The 
comparison  of  these  reports  with  the  working  estimate  and  the  interpretation  of  the  disclosures  therefrom  by  the 
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building  superintendent,  or  whoever  may  be  making  the  eomparison,  can  be  beneficial  only  to  the  extent  of  his 
thorough  understanding  of  the  factors  with  which  he  is  dealing.  He  should  never  faU  to  realise  that  the  working 
estimate  treats  of  averages  only  and  that  to  draw  a  true  comparison,  the  particular  parcel  of  work  under  scrutiny 
if  greatly  at  variance  from  the  average,  should  be  modified  correspondingly  by  proper  allowances  before  judgment 
is  rendered. 

A  tsrpe  of  estimate  more  logical  in  its  application,  and  at  the  same  time  slightly  less  difficult  in  preparation,  is 
one  in  which  the  allowances  are  expressed  in  hours  of  labor  rather  than  in  terms  of  value.  It  recognises  the  theory 
that  the  rate  of  wages  applying  to  any  particular  locality  is  generally  on  a  more  or  less  established  basis  and  beyond 
the  province  of  the  organisation  to  change  or  alter.  By  limiting  the  unit  of  measure  to  the  expected  output  per 
hour  or  day  of  laborer  or  mechanic,  the  field  organisation  forces  may  be  held  accountable  only  for  those  factors  over 
which  they  have  admitted  control.  Another  advantage  lies  in  the  far  greater  readiness  with  which  such  terms  are 
aooepted  and  made  use  of  by  foremen  and  other  employees.  An  allowance  of  80  brick  per  hour  on  a  certain  piece 
of  masonry  would  be  understood  by  all  and  is  easily  checked  against  by  the  simple  operation  of  dividing  the  number 
of  brick  laid  during  any  selected  period  by  the  number  of  mason  hours  employed;  whereas  the  same  allowance 
expressed  in  terms  of  $12  per  thousand,  is  to  the  average  individual  quite  a  complex  problem  to  check  against 
exeept  to  thoee  who  have  had  previous  estimating  or  cost-preparing  experience. 

3.  Daily  Reports  and  Diaries. — A  third  instrument  essential  to  every  building  operation, 
but  of  lesser  importance  as  a  controlling  feature,  is  the  daily  report  or  diary.  This  is  prepared 
in  the  field  and  written  up  for  each  and  every  day,  Sundays  and  holidays  included.  Each 
report  should  be  numbered  consecutively  from  start  to  finish  of  the  operation  so  that  the  latest 
number  will  always  indicate  the  duration  of  the  job  in  days  up  to  that  point.  Outside  of  certain 
essentials — such  as  weather  conditions  prevailing,  the  total  number  of  employees,  classified 
by  trades,  mention  of  any  unusual  mishap  or  accident,  and  the  visitation  of  important  personages 
— ^the  scope  of  the  diary  may  be  varied  by  the  responsible  head  to  suit  the  particular  work  en- 
gaged upon.  The  best  results  will  be  obtained  if  these  reports  are  personally  prepared  by  the 
superintendent  in  charge,  the  assurance  being  thus  gained  that  he  is  actually  in  touch  at  all  times 
with  every  feature  and  detail  of  the  operation.  If,  due  to  the  scope  of  the  work,  this  is  found 
to  be  impracticable,  he  at  least  should  sign  the  reports  and  see  that  they  are  transmitted  to 
the  main  or  home  office  at  the  end  of  each  dav. 


PREPARATION  OF  SITS 
By  a.  G.  Moulton 

It  can  be  assumed  that  certain  essential  information,  locating  the  proposed  structure  both 
horizontally  and  vertically  with  relation  to  known  references,  will  be  clearly  indicated  on  the 
plans  and  sections  previously  prepared  by  the  designing  engineer.  Horizontal  distances  given 
in  feet  and  inches  between  opposing  lot  or  building  lines,  the  angles  formed  at  their  intersection 
and  the  elevation  of  the  first  floor  with  reference  to  existing  grade  or  some  assumed  datum 
comprise  the  information  commonly  given.  In  addition  to  this,  the  structure  as  a  whole  will 
generally  be  tied  up  by  a  figured  dimension  or  dimensions  to  some  established  line  or  point. 
This  may  be  an  adjoining  building,  a  party  line,  a  street  intersection  or  simply  a  stake  or  hub, 
should  the  site  be  an  isolated  one. 

4.  Location  of  Reference  Points. — The  first  step  by  the  field  engineer  should  be  to  locate 
the  reference  points,  consulting  with  such  municipal  departments  as  may  be  interested  to 
inform  himself  as  to  the  system  of  local  grades,  and  any  existing  ordinances  that  would  call 
for  formal  permits,  such  as  street  obstructions,  vault  excavations,  sidewalks,  etc.  OfEset  stakes 
or  batter  boards  will  be  established  for  all  comers  or  changes  in  direction  of  the  building  lines, 
care  being  exercised  to  so  locate  them  that  they  will  not  be  readily  disturbed  during  the  excava- 
tion period.  One  or  more  bench  marks  will  be  set  up  at  convenient  points  against  which  all 
future  building  levels  will  be  checked.  The  careful  engineer  will  find  time  to  re-check  at  fre- 
quent intervals  all  batter  boards  and  benches  until  foundation  operations  have  reached  a  point 
where  there  is  no  further  danger  of  ground  movement  or  other  disturbance,  and  he  will  in 
particular  make  a  re-check  of  all  lines  and  comers  before  permitting  any  masonry  work  of 
foundstioDs  to  proceed. 
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If  the  foundations  are  to  project  to  some  depth  below  the  street  or  normal  ground  level,  or  in  moving  ground 
or  apt  to  be  of  a  hasardous  nature,  he  will  establish  a  series  of  benches  on  one  or  more  piers  of  each  of  the  adjacent 
buUdings;  also  on  all  surrounding  street  curbs,  street  crowns,  car  tracks,  or  other  points  in  the  immediate  vicinity 
that  might  be  disturbed  during  the  foundation  construction.  This  disturbance  or  settlement  may  be  expected 
through  caving  banks,  yielding  of  street  piling,  borrowing  of  ground  water  or  running  sand.  Freedom  against  same 
can  best  be  assured  by  tight  sheeting,  properly  braced  and  carried  well  in  advance  at  all  times  of  the  excavation. 
Having  established  the  aforementioned  benches,  periodic  reading  on  same  will  be  taken  and  a  careful  record  of  the 
results  preserved.  Unless  startling  conditions  manifest  themselves  through  cracks  in  the  walls  or  pavements, 
weekly  readings  will  probably  be  sufficient  untU  such  time  as  foimdations  have  reached  grade  level,  after  which 
they  may  be  discontinued.  If  the  new  structure  is  to  be  annexed  to  an  existing  buUding,  with  communication 
thereto  at  one  or  more  levels,  the  engineer  will  take  check  readings  on  all  floors  of  the  old  buildings  to  detect  any 
departure  of  same  from  the  assumed  levels.  If  the  information  is  not  otherwise  available,  it  will  be  well  at  this 
time  to  cross-section  the  site  as  then  found,  for  the  purpose  of  checking  excavation  quantities  later  on. 

6.  Photographs. — An  extremely  valuable  supplement  to  the  engineer's  records  can  be 
obtained  through  the  medium  of  photographs  taken  of  the  site  before  building  operations  are 
started.  Such  photographs  should  be  identified  by  name,  mmiber  and  date  scratched  on  the 
negative,  or,  better  still,  by  a  transparent  label  pasted  thereon.  A  series  of  such  photos  taken 
at  weekly  or  IQ-day  intervals  throughout  the  entire  construction  period  form  an  extremely 
instructive  and  invaluable  record  of  the  operations.  If  possible,  photos  should  be  taken  from 
the  same  viewpoints  so  as  to  better  illustrate  the  progress  during  succeeding  intervals. 

6.  Removal  of  Pipes,  Wires,  etc. — Service  pipes,  hydrants,  lamp  posts,  mail  boxes,  poles, 
and  wires  which  encroach  on  the  site  should  be  noted,  identified  for  ownership,  and  the  owners 
notified  to  remove  or  properly  protect  same. 

7.  Wrecking. — Before  wrecking  existing  buildings,  suitable  precaution  should  be  taken 
for  protecting  the  public  traffic  and  pedestrians.  The  size  and  location  of  the  operation  will 
determine  the  method  to  be  adopted.  A  tight  fence,  6  ft.  high,  at  the  curb  line,  turning  the 
sidewalk  traffic  on  to  temporary  walk  laid  in  the  gutter,  may  be  sufficient.  In  more  popu- 
lated districts,  and  where  the  operation  is  to  be  of  some  length,  it  may  be  required  to  erect  a 
shelter  shed  over  the  sidewalk,  permitting  the  public  to  retain  the  use  of  same.  Building  ordi- 
nances of  most  municipalities  cover  this  point  and  they  should  be  consulted  to  provide  against 
possible  violations.  If  sidewalk  vaults  are  to  be  incorporated  in  the  new  building,  the  walk 
way  can  be  elevated  above  the  normal  grade  a  sufficient  distance  to  facilitate  the  passing  of 
materials  beneath  and  into  the  lot  as  excavation  proceeds.  By  erecting  the  shelter  in  this  man- 
ner, it  can  in  many  instances  be  retained  to  serve  throughout  the  entire  construction  of  the  new 
building.  The  supporting  sills  will  be  carried  on  temporary  wooden  bents  until  retaining  or 
street  walls  are  up  and  permanent  sidewalk  beams  are  in  place. 

The  wrecking  of  frame  structures  presents  no  features  requiring  special  preparations.  Brick,  steel,  and  con- 
crete, however,  cannot  be  successfully  handled  without  a  well  studied  program  and  more  or  less  of  an  equipment 
plant,  depending  on  the  type  of  structure,  ground  area,  and  height.  If  more  than  three  stories,  brick  and  rubbish 
chutes  will  be  found  to  be  indispensable.  Their  erection  should  be  such  as  to  make  easy  delivery  to  wagons  or  trucks 
at  the  lower  end.  Except  in  cases  of  shallow  buildings,  the  chutes  should  be  located  near  the  center  of  the  build- 
ing, thus  equalising  the  wheeling  or  handling  on  the  working  floor  above.  Temporary  planked  driveways  may  be 
provided  for  bringing  the  trucks  or  wagons  to  the  bottom  of  the  chutes. 

7a.  Disposal  of  Waste. — Driveways  should  be  laid  out  so  traffic  is  continuous  in 
one  direction.  To  accomplish  this,  enlarged  openings  may  have  to  be  provided  through  ex- 
ternal walls  of  the  ground  story  with  consequent  shoring,  but  the  effort  will  be  worth  while, 
for  speed  on  a  wrecking  operation  is  almost  wholly  dependent  on  ability  to  promptly  move  the 
resulting  material  and  rubbish  away  from  the  site.  Rubbish  chutes  are  commonly  built  of  2 
or  2^-in.  plank,  30  to  36  in.  square,  erected  vertically,  in  story  lengths,  with  the  splices  directly 
above  the  successive  floor  lines.  No  bin  is  required  and  control  at  outlet  is  secured  through  a 
floating  false  bottom,  full  area  of  the  chute,  attached  to  long  wooden  lever.  Brick  chutes  are 
composed  of  open  troughs  30  in.  wide  and  with  12-in.  sides  set  at  an  angle  of  45  deg.  but  reversed 
through  each  story  to  provide  a  zigzag  path  in  the  iisual  method. 

76.  General  Equipment  for  Wrecking. — For  lowering  steel  members,  pipe,  and 
other  heavy  pieces  of  equipment  that  may  be  encountered,  a  pole  or  light  derrick  may  be  found 
necessary  on  the  working  floor.     Materials  are  lowered  through  a  court-way,  if  one  is  available, 
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or  if  not,  a  hatchway  can  be  cleared  through  the  varioiis  floor  systems  of  sufficient  size  to  pass 
the  loads  required.  The  acetylene  torch  will  be  found  invaluable  for  dismembering  the  steel 
frame,  cutting  down  pipe  lines,  reinforcing  rods,  or  any  other  metal  obstructions  which  may  be 
met  with.  For  heavy  brick  walls  and  reinforced  concrete  structures,  the  skull-cracker,  or  heavy 
cast-iron  ball,  suspended  over  the  part  to  be  shattered  by  a  derrick  boom  and  released  for  a 
free  fall  by  means  of  a  trigger  attachment  or  magnet  has  proven  of  good  economy.  A  2-ton 
weight  and  a  drop  of  10  or  12  ft.  will  break  down  all  but  the  most  obstinate  resistance  with  a 
few  blows. 

Wrecking  operatiooB  are  quite  generally  handled  by  Bpecialists  in  that  line,  as  they  are  the  better  equipped  for 
disposing  of  the  old  materials  than  would  be  the  ordinary  builder.  When  sublet,  it  is  customary  to  require  the 
wrecker  to  remove  exterior  walls  to  grade  lines  and  interior  walls  and  footings  to  basement  floor  line. 


PILS  DRIVING 
By  Nathan  C.  Johnson 

8.  Hand  Driving. — The  driving  of  piling  by  hand  is  practicable  only  for  very  small  round 
piles  or  sheet  piling,  and  in  soft  materials,  such  as  wet  sand  or  mud.  Where  a  trip  hammer 
is  available,  this  may  in  emergency  be  operated  by  splaying  out  the  hammer  line  so  that  a  large 
number  of  men  can  pull  on  it,  hoist  the  hammer  and  drop  it,  but  the  method  is  uneconomical. 

9.  Horse  Driving. — The  use  of  a  horse  or  a  team  to  pull  up  the  hammer  by  means  of  manila 
rope  falls,  or  a  horse-power  drum  is  the  simplest  effective  power  for  pile  driving.  The  hammer 
must  be  arranged  to  trip  and  fall  when  it  reaches  a  certain  height  or  else  have  a  trip  line  to  drop 
it.  The  "horsepower"  must  also  have  a  ratchet  so  that  the  line  can  be  quickly  overhauled  for 
each  drop  of  the  hammer.  This  method  will  prove,  however,  to  be  very  slow  and  expensive, 
as  seldom  more  than  10  or  15  piles  can  be  driven  per  day  even  where  the  penetration  is  small, 
and  an  engine  should  be  obtained  if  possible. 

10.  Pile-driving  Engines. — The  pile-driving  engine  is  a  hoist  engine  with  two  drums,  one  of 
which  operates  the  "hammer  line, "  and  the  other  one  the  "pile  line''  for  hoisting  piles  into  the 
leads.  These  lines  should  both  be  of  ^-in.  or  at  most  %-in.  plough  steel  wire  rope.  The  ham- 
mer line  should  have  a  piece  of  manila  line  about  6  to  8  ft.  long  connecting  the  wire  rope  and  the 
hammer  in  order  to  give  some  spring  for  quick  handling  of  the  hammer.  The  pile  line  should 
have  about  the  same  length  of  chain  with  a  hook  on  the  end  of  it  to  pass  around  the  pile  for 
hoisting.  When  the  driving  requires  the  use  of  jets,  then  a  third  shaft  must  be  provided  on  the 
engine  to  carry  two  small  drums,  or  two  large  niggerheads,  to  carry  the  lines  for  raising  and 
lowering  the  jet  pipes. 

The  siae  of  a  double  cylinder  engine  for  a  drop  hammer  of  1600  lb.  or  less  may  be  a  6K  X  9;  for  a  3000-lb. 
hammer  or  leea,  a  7H  X  10  engine;  and  for  a  4500-lb.  hammer  or  less,  an  8>^  X  10  engine.  Where  a  steam  pile 
hammer  is  to  be  used,  a  separate  8H  X  10  hoist  should  be  used,  and  a  locomotive  type  of  boiler  of  about  40 
horaepower  provided,  which  will  also  be  large  enough  to  supply  steam  for  a  7H  X  ^}i  X  10  steam  jetting  pump. 

11.  Driver  Leads  or  Gins. — The  leads  or  gins  for  a  driver  should  be  from  7  to  10  ft.  higher 
than  the  length  of  the  piles  to  be  driven;  and  for  building  foundations  should  have  a  very  short 
base,  with  rollers  for  moving  the  rig  about.  These  are  standard  in  all  locations,  and  if  more 
details  are  required,  a  treatise  on  pile  driving  may  be  consulted. 

The  gins  of  a  water-driver  are  mounted  on  a  scow  which  is  usually  about  18  to  20  ft.  by  60  ft.,  by  4  ft.  deep. 
This  MOW  is  square  at  the  end  carrying  the  gins,  and  has  a  rake  at  the  other  end.  The  gins  on  a  water-driver  may 
be  tipped  forward  for  driving  brace  piles  with  a  small  batter,  or  have  a  set  of  false  leads  extended  in  front  for  piles 
having  a  large  batter  or  the  leads  may  be  tipped.  The  driving  of  batter  or  brace  piles  with  a  land  rig.  is  best  ac- 
complished with  a  pendulum  driver  in  which  the  leads  are  pivoted  and  can  be  swung  sidewise  at  the  bottom  to  give 
the  required  batter. 

12.  Pile  Hammers. — Drop  hammers  for  steam  drivers  are  from  2500  to  4500  lb.  in  weight, 
usually  about  3000  lb.  They  should  have  23)^  X  6^  guides,  to  run  in  width  of  24  in.  and  upon 
6-in.  leads.    They  should  not  be  too  long,  and  should  have  the  weight  largely  concentrated  at 
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the  lower  end.    For  horse  driving  they  must  have  tripping  tongs  for  releasing  the  hammer  auto- 
matically when  it  reaches  the  top  of  the  leads. 

The  steam  pile  hammer  is  made  in  several  types  of  which  the  pile  Warrincton-Nasmyth  single  acting  and 
the  Amott  double  acting*  are  among  the  best,  the  smaller  sises  being  used  for  sheet  piles  and  the  larger  sises 
for  large  rotmd  wood  or  concrete  piles.  The  striking  rams  of  the  three  sises  of  the  Warrington  hammer,  weighs 
respectively  550,  3000,  and  4800  lb. ;  the  latter  hammer  weighing  complete  5  tons.  The  No.  3  Arnott  hammer, 
suitable  for  large  sheet  pile  work,  has  a  total  weight  of  4500  lb.  and  a  ram  of  603  lb.  The  next  to  largest  sise,  weighs 
12,000  lb. :  and  has  a  1548-lb.  ram. 

A  steam  hammer  will  strike  from  60  to  70  blows  per  minute  according  to  sise  and  type,  and  will  keep  a  pile 
moving  more  nearly  continuously  than  will  a  plain  drop  hammer.  The  best  results  are  obtained  in  the  use  of 
steam  hammers  in  ordinary  sand,  gravel.  Or  soft  clay. 

18.  Jetting. — The  use  of  jets  is  advantageous  when  a  drop  hammer  is  being  used  to  drive 
piles  in  packed  sand  or  very  sandy  gravel,  or  in  soft  firm  clay.  The  functions  of  the  jet  pipes  are 
to  both  lubricate  the  surface  of  the  pile  and  to  loosen  the  materials  in  the  path  of  the  pile  with 
water  delivered  at  a  pressure  of  from  100  to  250  lb.  per  sq.  in. 

Two  jets  should  be  used  if  they  can  be  arranged.  When  a  single  jet  pipe  is  employed,  it 
should  be  used  first  on  one  side  of  the  pile  and  then  on  the  other  to  keep  the  pile  going  straight. 
The  jet  pipes  should  not  be  fastened  to  the  pile,  but  kept  moving  up  and  down  the  pile  to  extend 
the  lubricated  areas  from  below  the  point  up  to  the  surface  of  the  ground  and  to  keep  inflowing 
soil  clear  of  the  sides  of  the  pile. 

The  jet  pipes  should  be  2H  to  3  in.  double-strength  pipe,  with  a  ^-in.  or  1-in.  nosxle.  All  bends  sfunUd  be  of 
long  aweep  in  order  to  diminiah  pipe  friction  loaeee  of  pressure.  The  jet  hose  should  be  for  250-Ib.  pressure,  and  be 
clamped  on  to  long  nipples  with  3  dampa  on  either  side  of  the  joint.  The  form  of  nosxle  is  of  importance  and 
should  be  adapted  to  the  materials  to  be  penetrated. 

The  pump  and  boiler  capacity  miist  be  large  enough  to  deliver  the  water  at  175-lb.  pressure  for  ordinary 
materials,  and  at  about  250-Ib.  pressure  for  hard  packed  material.  A  vertical  pressure  balancing  tank  between 
pump  and  jet  pipe  is  of  material  assistance  in  heavy  jetting. 

The  use  of  a  single  jet  is  often  effective  in  sand  or  fine  gravel,  if  it  is  first  run  down  full  depth  where  the  pile  is 
to  be  driven;  and  upon  pulling  out  the  jet,  if  then  placed  immediately  the  pile  can  often  be  driven  full  depth  with- 
out further  jetting.  C^e  should  be  taken  in  placing  jetted  piles  not  to  overjet  the  hole,  so  that  sufficient  resistance 
is  encountered  by  the  pile  to  develop  its  full  bearing  power. 

14.  Pile  Points. — When  piles  are  of  good  hard  timber,  and  are  axed  to  a  square  point,  they 
will  drive  in  all  but  the  hardest  material  or  boulders,  without  metal  points.  But  in  very  hard 
clay  and  coarse  gravel  with  boulders,  steel  or  cast-iron  points  are  necessary  to  prevent  brooming 
and  to  cut  the  way  for  the  pile.  The  usual  type  of  strap  point  is  of  very  little  use,  as  the  pile 
will  spread  out  around  it  in  driving  and  often  broom  worse  than  when  unprotected.  The  best 
form  of  point  is  a  recessed  circular  cast-iron  cone,  with  a  rod  cast  in  it  to  be  driven  into  a  slightly 
smaller  hole  cored  into  the  tip  end  of  the  pile.  This  cast  point,  if  made  in  the  shape  of  a  triangu- 
lar pyramid,  will  cut  its  wa3rs  into  much  harder  materials  than  will  the  conical  or  any  other 
form  of  point. 

16.  Detail  Equipment — ^Wooden  piles  may  be  kept  from  brooming  at  the  top  during  driving 
by  a  bonnet  casting  or  else  be  ringed  with  iron  rings  of  about  %  X  2}^-in.  size.  Steam  ham- 
mers may  have  a  recessed  base  to  go  over  the  top  of  the  pile  but  for  drop  hammer  a  similar  bonnet 
of  cast  steel  to  run  in  the  leads  can  be  provided. 

When  piles  have  to  be  driven  below  water  or  at  least  below  the  leads,  a  follower  miist  be  employed.  This 
follower  can  be  made  from  a  first-^ilass  piece  of  pile,  which  will  often  last  better  than  one  of  hard  wood.  The  fol- 
lower must  either  be  ringed  or  else  have  a  bonnet  casting  fitting  over  the  top,  and  must  have  a  cast-steel  base  with 
a  bonnet  recess  for  fitting  over  the  top  of  the  pile. 

Other  equipment  such  as  sledges,  bars,  dollies,  ring  pullers,  and  the  like,  are  usually  supplied  with  a  driver. 

16.  Driving  Concrete  Piles. — Concrete  piles,  after  curing  for  not  less  than  three  weeks  of 
mild  or  warm  weather,  should  stand  more  punishment  in  driving  than  wooden  piles,  but  the  top 
of  the  pile  must  be  protected  against  shattering  by  a  special  cushion  cap.  This  cap  may  consist 
of  a  steel  casting  having  a  top  recess  to  receive  an  oak  or  hardwood  follower  block ;  and  a  bot- 
tom recess  to  be  packed  with  old  hose  and  rope  and  lastly  with  oak  blocks  to  come  in  contact 
with  the  concrete.  When  the  rope  or  blocks  become  burned  through  heat  of  driving  or  crushed 
solid,  they  must  be  renewed. 


Sec  5-17J  CONSTRUCTION  METHODS  811 

A  hole  throuch  the  center  of  a  oonorete  pile  as  provision  for  jetting,  is  not  so  effective  as  jets  used  outside  of  the' 
pile.  Where  the  material  into  which  the  piles  are  being  driven  is  very  firm  or  packed,  jets  should  be  used  and  as 
much  shock  on  the  pile  saved  as  is  possible. 

17.  Cutting  Off  Piles. — ^When  wooden  piles  have  been  driven  with  a  follower  cap,  they 
are  seldom  broomed  up,  and  therefore  do  not  require  cutting  off  to  give  a  solid  bearing  on  their 
tops.  But  when  broomed  up  from  ordinary  driving  they  must  be  cut  off  square  to  solid  timber, 
or  if  they  are  not  driven  down  to  proper  level  they  must  be  cut  off  to  proper  height.  This  can 
be  done  in  the  dry  by  ordinary  two-man  cross  cut  saws,  but  when  the  cut-off  is  under  water,  they 
must  be  cut  off  by  a  diver  or  else  by  a  circular  saw  working  on  a  vertical  shaft  in  the  pile  driver 
leads. 

There  are  frequently  cases  where  old  piles  require  removal  by  cutting  them  off,  and  this  can  be  done  by  a  diver, 
or  else  by  placing  three  sticks  of  dynamite  around  them  and  firing  it  by  a  battery. 

18.  Pulling  Piles. — Steel  sheet  piles  can  easily  be  pulled  with  special  pulling  nippers  into 
which  the  pile  line  is  hooked,  or  else  the  hook  of  a  wire  rope  set  of  falls.  Holes  may  also  be 
bored  through  the  web  of  the  piles  at  the  top  and  a  shackle  bolted  on.  Reversing  a  double- 
acting  steam  hammer  to  strike  upward,  supporting  the  whole  from  a  derrick,  is  also  used  suc- 
cessfully. 

Wooden  sheet  piles  or  round  piles  are  pulled  by  taking  several  turns  around  the  top  of  a  pile  with  a  heavy  chain, 
or  with  a  wire  rope  sling,  and  hooking  a  set  of  double  or  triple  wire  rope  blocks  into  it.  It  may  be  necessary  to  keep 
hold  of  a  pile  for  some  time  to  overcome  suction  before  it  starts,  but  if  it  does  not  start  readily,  a  blow  or  two  from 
the  pile  hammer  may  loosen  it.  Jetting  around  piles  is  also  of  assistance  in  loosening  them  as  they  are  being 
pulled  upon. 

The  use  of  levers  and  jacks  for  pulling  piles  in  soft  material  is  often  effective,  but  for  any  large  number  some 
power  rig  should  be  used. 


EXCAVATING 

By  a.  G.  Moulton 

Excavating,  with  the  attendant  grading,  is  necessary  in  every  building  enterprise.  Gen- 
erally being  the  first  branch  of  the  work  undertaken,  it  is  often  unconsciously  called  upon  to 
bear  many  of  the  organization  expenses  that  might  be  more  correctly  prorated  against  the 
succeeding  trades.  For  that  reason,  a  carefully  studied  program  should  be  mapped  out  before 
starting  work  to  be  sure  that  proper  methods  are  chosen  and  all  economies  observed. 

19.  Equipment  for  Excavating. — ^Local  conditions  vary  so  with  each  building  operation 
that  anything  more  than  a  brief  description  or  reference  to  the  proven  methods  and  various 
types  of  equipment  for  excavating  purposes  would  be  useless  in  an  article  of  this  kind. 

In  the  case  of  excavation  for  solid  foundation  walls  and  piers,  where  the  work  would  be 
mainly  pick  and  shovel,  and  the  excavated  material  disposed  of  by  wasting  on  the  banks,  or 
transferred  by  wheel  barrows  in  the  immediate  vicinity;  or  in  the  case  of  basement  excavation 
where  the  ground  may  be  broken  up  by  a  plow  and  removed  beyond  the  building  lines  by  two 
horse  scrapers  or  slips,  or  directly  loaded  into  wagons  or  trucks  which  have  been  driven  into 
the  excavated  area;  or  even  in  the  case  of  the  larger  excavations  where  the  steam  shovel 
becomes  a  possibility,  there  is  not  much  danger  of  a  mistake  in  choice  as  to  method.  It  is  in  the 
deep  basement  work  through  varying  conditions  of  soil  that  the  opportunity  for  careful  study 
of  plant  layout  is  encountered. 

20.  Steam  Shovel  Excavating. — Where  1500  yd.  or  more  are  involved,  and  where  the 
width  of  the  lot  will  permit  a  full  swing,  it  is  generally  conceded  that,  except  in  rock  work,  the 
small  revolving  steam  shovel  running  on  tractor  equipment  provides  the  most  economical  tool. 
On  the  first  cut  through,  the  wagons  or  trucks  are  loaded  while  standing  on  the  grade.  When  the 
depth  of  the  cut  exceeds  the  limit  of  the  shovel,  it  becomes  necessary  to  introduce  the  bridge 
or  inclined  driveway  to  bring  the  trucks  down  to  the  floor  of  the  cut.  A  booster  engine  set  on  the 
grade  level  to  pull  or  ease  the  loads  out,  will  permit  of  a  sharper  incline. 
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When  the  depth  of  cut  reaches  a  point  that  will  prohibit  the  further  use  of  an  incline,  other  features  wiD  have 
been  introduced  in  the  way  of  holding  or  shoring  of  banks  with  consequent  restriction  on  working  area  as  to  render 
unprofitable  the  further  use  of  the  shoveL  If  the  basement  is  to  go  to  still  further  depth,  then  hand  work  will  be 
resorted  to  and  the  excavated  materials  carried  to  above  street  level  and  deposited  in  chutes  or  hoppers  for  easy 
transfer  to  trucks  at  that  point.  The  elevation  may  be  obtained  either  through  small  cars  and  barrows  on  platform 
hoists  or  in  buckets  operated  by  boom  derricks.  On  such  work,  the  use  of  the  clam-shell  will  not  be  praotical,  ma 
the  cross  lot  bracing  for  supporting  street  banks  would  cause  too  much  interference. 

21.  Shoring,  Sheeting,  and  Underpinning. — The  holding  or  shoring  of  street  banks  and 
underpinning  of  adjoining  structures,  often  presents  quite  serious  complications  especially 
if  the  excavation  is  to  be  carried  to  some  depth  through  treacherous  soil.  In  such  instances,  the 
expedient  is  sometimes  adopted  of  sinking  a  trench  full  depth,  on  the  line  or  curb  wall,  in  ad- 
vance of  the  general  excavation.  This  trench  may  be  opened  in  sections  if  the  entire  frontage 
involved  would  be  too  great  to  handle  safely  in  one  operation.  The  trench  will  be  sheeted 
tight  or  not,  depending  upon  the  character  of  the  soil,  and  cross  braced  with  struts  and  wedges. 
On  heavy  work,  screws  are  introduced  to  make  up  for  ground  movement  and  settlement.  Up 
to  15  ft.  in  depth,  the  material  from  such  a  trench  may  be  benched  out  by  hand.  Beyond  that 
depth,  the  excavated  material  should  be  passed  up  by  mechanical  means,  such  as  buckets  oper- 
ated by  hand  winches  or  boom  derricks.  The  trench  having  been  completed,  the  wall  is  next 
constructed  and  upon  acquiring  normal  strength  the  general  excavation  of  the  basement  pro- 
ceeds. Temporary  supports  to  help  resist  the  earth  pressure  must  be  given  the  wall  from  the 
inside  as  the  ground  is  removed.  This  is  generally  obtained  through  batter  braces,  which  are 
left  in  place  until  the  building  columns  and  permanent  framing  have  been  installed. 

21a.  Sheet  Piling  and  Shifting  Soils. — ^Where  ground  conditions  are  good, 
such  as  in  clay,  or  compact  sand  and  gravel,  the  above  method  with  its  great  amount  of  hand 
work  would  be  too  expensive.  In  such  cases,  the  general  excavation  would  be  carried  down 
the  full  area  of  the  lot  and  the  banks  left  at  sufficient  slope  to  stand  alone,  or  skeleton  braced 
from  the  inside.  In  dry  sand  and  running  soil,  a  tight  sheet  piling  will  be  required.  This  may 
be  composed  of  vertical  planks,  square-edged  or  matched  as  the  case  may  require,  and  driven 
through  by  hand  or  by  small  sheet  hammers  operating  on  steam  or  compressed  air.  When  water 
is  to  be  encountered,  a  system  of  steel  interlocking  sheet  piling  will  possibly  be  chosen. 

Any  type  of  sheet  piling  will  require  bracing  to  hold  it  in  position,  and  the  proper  erection  of  this  bracing,  so  aa 
to  permit  the  later  carrsdng  up  of  permanent  walls,  should  receive  due  consideration.  Instead  of  building  them  in, 
leaving  a  hole  to  be  plugged  later,  it  is  generally  preferable  to  strike  the  braces  as  the  work  goes  up,  replacing  same 
on  the  inside  of  the  wall. 

216.  Protection  of  Adjacent  Structures. — The  holding  and  shoring  of  adjoining 
buildings  generally  presents  so  many  elements  of  risk,  that,  unless  it  is  a  relatively  simple 
operation,  this  branch  of  the  work  had  better  be  entrusted  to  specialists  in  that  line. 

Underpinning  where  the  soil  is  unyielding  can  be  carried  out  successfully  and  without  great  danger  if  due 
precaution  is  given  to  the  number  and  length  of  the  different  sections  which  are  to  be  worked  on  simultaneously. 
These  should  not  be  too  close  together  and  generally  not  in  lengths  over  6  or  8  ft.,  and  the  load  of  the  structure 
should  be  brought  to  bear  on  the  new  work  before  opening  up  an  adjoining  section.  This  is  accomplbhed  by  means 
of  slim  metal  wedges  inserted  between  specially  prepared  stone  wedging  blocks  built  into  the  underpinning  and 
driven  home  after  the  masonry  has  taken  a  set.  If  the  soil  is  particularly  unyielding,  the  same  results  can  be  ob- 
tained by  a  wedge  course  of  brick  inserted  by  the  mason  as  he  tope  off  the  underpinning  work.  When  using  the 
sectional  method,  little  or  no  timbering  will  be  required  beyond  an  occasional  spur  brace  to  overcome  tendency 
of  the  old  wall  to  slip.  If  the  old  wall  is  in  poor  condition,  or  the  soil  under  it  inclined  to  be  treacherous,  needling 
of  the  wall  had  better  be  resorted  to  and  the  aid  of  a  specialist  secured. 

22.  Rock  Excavation. — Rock  excavation  is  carried  on  by  the  aid  of  explosives  and  in  most 
communities  not  only  is  a  licensed  powder  man  required  to  do  the  shooting,  but  regulations 
are  also  provided  covering  the  manner  in  which  the  dynamite  may  be  handled  and  stored.  On 
small  work,  hand  drills  are  successfully  used,  but  where  the  yardage  to  be  removed  is  great, 
steam  or  air  drills  should  be  provided.  The  use  of  the  explosive  is  to  lift  the  rock  slightly  and 
break  it  up  into  sizes  convenient  for  disposal.  The  number  and  size  of  the  respective  charges 
is  dependent  upon  the  surrounding  conditions,  and  the  supervision  of  this  class  of  work  should 
be  entrusted  only  to  those  who  are  thoroughly  familiar  with  its  possibilities.    After  being 
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shattered,  the  rock  is  loaded  in  skips  or  buckets  and  removed  from  the  basement  by  a  boom 
derrick  or  picked  up  by  a  steam  shovel  and  deposited  into  trucks  or  cars. 

28.  Open  Caissons. — Caisson  excavation  may  be  carried  on  in  the  open  or  by  means  of 
locks  and  compressed  air,  the  latter  expedient  being  adopted  only  when  excessive  water  condi- 
tions preclude  the  open  method. 

For  building  footings,  caissons  are  generally  designed  circular  in  form,  varying  from  4  to 
10  ft.  in  diameter  and  carried  down  either  to  bed  rock,  or  stopped  off  and  belled  out  on  some 
convenient  strata  of  hardpan.  Under  the  former  condition,  depths  of  100  ft.  and  upward  are 
sometimes  encountered.  Excavation  is  done  by  hand,  the  excavated  material  being  lifted  to 
the  surface  by  buckets  suspended  over  the  mouth  of  the  well  and  raised  and  lowered  through 
the  agency  of  a  niggerhead,  the  mechanism  receiving  its  power  through  a  traction  cable  lead 
from  a  conveniently  placed  hoisting  engine.  Ten  to  fourteen  wells  comprise  a  set  up  and  are 
commonly  run  from  one  engine.  This  provides  a  constant  speed  for  all  the  niggerheads,  and 
the  individual  operator  at  the  head  of  each  well  on  signal  from  below  raises  the  filled  bucket 
by  taking  2  or  3  wraps  of  the  hoisting  line  over  the  niggerhead.  The  excavation  is  carried  down 
to  a  depth  of  5  ft.  4  in.  and  then  lagged  with  2-  or  3-in.  matched  lumber,  the  lagging  being  held 
in  place  by  metal  rings  inserted  two  to  each  length  of  lagging.  The  rings  are  rolled  out  of  flat 
bars  and  made  up  in  two  sections  to  the  ring.  After  being  brought  to  position,  the  two  halves 
are  bolted  together  at  the  ends  and  wedged  tightly  against  the  lagging.  The  excavation  then 
proceeds  for  another  stretch  and  repeats  until  the  bottom  has  been  reached. 

When  working  through  wet  ground,  bailing  may  not  be  sufficient  and  pumpe  may  be  required.  For  this  pur- 
I)oee,  iteam  syphons  or  pulsometer  pumpe  will  be  found  moet  convenient.  Sections  of  steel  lagging  may  be  re- 
quired if  the  ground  b  very  soft,  but  its  use  is  not  always  attended  with  satisfaction.  Continued  pumping  of  a  well 
with  little  or  no  headway  shown  is  bad  practice,  and  will  lead  to  sure  trouble  on  adjacent  wells.  When  such  condi- 
tions arise,  pumping  should  be  discontinued  and  every  effort  first  exhausted  to  stop  the  inflow  of  water  and  sand  by 
tightening  up  the  lagging.  An  inner  set  of  sufficient  length  driven  ahead  of  the  excavation  may  make  it  possible 
to  pass  the  soft  spot.  This  procedure,  however,  is  at  the  expense  of  a  reduced  area  on  the  caisson,  and  for  that 
reason  may  not  be  permissible.  The  use  of  hay  or  straw  for  packing  back  of  the  wooden  lagging  will  often  over> 
eome  water  difficulties  which  otherwise  seem  insurmountable. 

Electric  lights  and,  in  some  cases,  forced  ventilation  will  be  required  for  the  workmen  at  the  bottom  of  the 
wells. 

When  wells  are  belled  out,  it  is  not  customary  to  lag  the  last  section  but  to  immediately  fill  it  with  oonorete 
as  soon  as  it  has  been  shaped  up  and  cleaned  out. 

The  rings  may  be  salvaged  as  the  concreting  is  brought  up,  but  the  lagging  is  left  in  place. 

24*  Compressed  Air  Caissons. — In  ground  conditions  where  water  or  quicksand  would 
make  open  work  impractical,  compressed  air  is  resorted  to.  In  this  work  caissons  are  carried 
down  in  the  open  as  far  as  possible  and  then  an  air-lock  is  installed  at  the  head  of  the  well. 
Through  this  vestibule,  which  by  the  manipulation  of  valves  is  alternately  under  normal  and 
then  at  an  increased  air  pressure  which  varies  with  the  requirements,  all  workmen  and  excava- 
ted material  must  pass.  The  air  pressure  in  the  working  chamber  is  kept  at  a  point  just  suf- 
ficient to  exclude  the  incoming  water  and,  to  a  workman  accustomed  to  it,  little  or  no 
inconvenience  will  result. 

Experienced  men  only  should  be  used  on  this  class  of  work,  and  every  precaution  should  be  taken  to  see  that 
the  compressor  plant  and  all  other  apparatus  is  in  first-class  working  order.  The  use  of  naked  lights  should  be 
prohibited,  as  combustion  will  be  found  much  more  rapid  than  when  exposed  under  normal  pressure. 

In  the  majority  of  cases,  it  will  be  found  desirable  to  start  caisson  work  from  the  normal  ground  level  rather 
than  to  await  the  completion  of  basement  excavation.  The  additional  expense  of  hand  over  steam  shovel  labor  for 
the  yardage  included  in  the  caisson  tope,  will  be  more  than  compensated  for  by  the  saving  in  time  to  the  building 
schedule  and  also  the  greater  convenience  in  removing  the  caisson  dirt  from  the  premises. 
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FOimDATION  WORK 
By  a,  G.  MouiyroN 

The  term  foundation  work  is  generally  considered  to  cover  the  construction  of  all  support- 
ing masonry  including  embedded  steel  up  to  that  level  known  as  grade.  It  may  comprise 
curb  and  area  walls,  retaining  walls,  isolated  column  footings,  foundation  girders,  wall  footings, 
elevator  pits,  machine  foundations,  etc.  The  difficulties  attending  upon  foundation  work 
will  be  found  to  increase  almost  directly  proportionate  with  its  depth. 

In  present  day  practice,  concrete  is  almost  universally  used  for  foundations.  On  smaller 
buildings  such  use  may  be  restricted  to  footings  only,  with  the  retaining  or  foundation  walls 
themselves  run  up  in  brick  or  hollow  tile,  but  on  larger  work,  where  greater  strength  is  required 
to  resist  earth  pressure,  concrete,  either  plain  or  reinforced,  will  be  the  probable  choice.  The 
general  excavation  or  grading  having  been  completed  and  footing  trenches  and  piers  opened 
up,  concreting  of  same  should  immediately  follow.  If  the  soil  will  stand  unsupported,  forms 
are  not  necessarily  required  for  a  footing  course,  and  the  excavation  should  be  made  to  neat  lines. 

26.  Pumping  of  Excavations. — On  all  foundation  work,  pumping  equipment  of  some  kind 
should  be  provided  so  that  trenches  and  pits  can  be  pumped  out  before  concreting  is  undertaken. 
The  size  and  scope  of  the  undertaking  will  determine  the  capacity  and  number  of  pumps  required. 
These  may  be  anything  from  the  small  hand  operated  diaphragm  pump  up  to  the  larger  capac- 
ity centrifugal  and  triplex  types  electrically  or  steam  driven.  The  diaphragm  pump,  mounted 
on  skids  or  trucks  and  gasoline  driven,  will  find  its  use  on  any  foundation  job.  For  the  deeper 
pits,  the  steam  syphon  or  the  pulsometer  type  of  pump  will  probably  give  the  best  results.  A 
liberal  boiler  capacity  should  be  provided,  however,  if  they  are  chosen.  If  the  lift  to  the  sewer 
or  surface  is  so  great  as  to  require  pressure  pumps,  it  will  be  found  desirable  to  first  gather  the 
groimd  water  in  a  sump  pit  or  temporary  basin  by  means  of  diaphragm  pumps,  so  that  the 
sand  and  grit  may  settle  out  before  being  lifted. 

It  should  be  remembered  that  in  open  basements,  particularly  in  clay  where  the  surface  water  does  not  readily 
soak  away,  a  3-in.  rain  fall  may  tie  up  the  entire  operation  for  48  hr.  or  longer.  Under  such  conditions,  a  pumping 
plant  of  adequate  capacity  is  always  a  good  investment. 

26.  Damage  to  Excavations  by  Rainfall  and  Surface  Water. — Proper  protection  should  be 
afforded  against  damage  from  surface  water  flowing  into  the  excavation  from  neighboring 
streets.  At  the  height  of  a  heavy  rain  storm,  with  the  sewers  taxed  to  their  capacity,  this  may 
become  a  serious  menace  to  the  work,  particularly  if  the  street  banks  are  sheet  piled  and  the 
surface  water  finds  entrance  behind  the  sheeting.  A  small  earth  or  sand  dam  thrown  up  on  the 
street  beforehand,  parallel  to  the  work,  may  prevent  this  damage. 

Precaution  should  be  taken  to  sec  that  old  sewer  stubs  entering  the  site  are  solidly  blocked  up  to  resist  a  back 
flow,  and  that  all  street  sewers  and  water  mains  that  have  been  exposed  are  substantially  shored  or  braced. 

27.  Concreting  Plant. — In  choosing  the  proper  type  of  concreting  plant  for  any  particular 
job,  so  many  factors  must  enter  into  consideration  that  nothing  but  the  most  general  suggestions 
would  be  of  value  here.  Ordinarily,  that  type  which  is  the  most  conservative  on  hand  labor 
should  be  the  adopted  one.  Mechanical  concrete  mixers  are  now  obtainable  in  so  many  sizes 
and  types  that  one  will  be  found  to  meet  any  given  condition  of  foundation  work.  As  a  result, 
hand  mixed  concrete  is  now  seldom  to  be  considered. 

For  street  and  curb  walls,  the  small  two  and  one  bag  mixers  that  can  be  readily  moved  from 
place  to  place  and  the  charge  spouted  direct  into  the  forms,  will  probably  be  found  the  most 
economical  unit.  For  column  footings,  where  the  individual  yardage  is  not  sufficient  to  warrant 
the  progressive  movement  of  the  mixer,  the  H-  or  ?i-yd.  mixers  and  concrete  buggies  will 
provide  the  solution. 

For  caisson  work,  where  the  yardage  in  each  pier  is  considerable,  a  x>ermanently  established  mixer  serving 
through  1-yd.  tilting  cars  on  a  narrow  gage  track,  will  give  good  satisfaction.  Upon  being  dumped,  the  cars  d^ver 
their  load  into  a  portable  receiving  hopper  suspended  at  the  top  of  the  well,  and  from  tlMt*  to  the  bottom  through 
a  flexible  telescopic  spout.  This  spout*  approximately  10  in.  in  diameter,  of  light  irai,  h  wtad»  up  in  sectional 
lengths  of  about  4  ft.  each,  the  sections  being  removed  from  the  bottom  as  the  concrete  riiet  la  the  weU. 


Sec  1^28]  CONSTRUCTION  METHODS  816 

The  use  of  a  tower  with  gravity  chutes  for  light  foundation  work  will  not  as  a  general  rule  work  out  econom- 
ically. If  on  the  other  hand,  however,  the  character  of  the  superstructure  indicates  the  gravity  system  as  being 
proper,  its  eariy  installation  and  use  on  the  foundations  would  be  permissible. 

Generally  speaking,  when  in  doubt  as  to  the  capacity  of  the  mixer  required,  select  the  smaller  sise.  This  leaves 
you  in  a  position  where  with  a  steady  run-off  before  you,  you  can  speed  up  the  number  of  batches  to  readily  obtain 
the  desired  output,  whereas  with  an  interrupted  flow,  the  idle  forces  back  of  the  mixer  will  be  at  a  minimum.  With 
the  larger  mixer  under  such  conditions  all  lost  or  idle  time  is  correspondingly  felt  on  the  pasrrolL 

Availability  of  storage  space  and  convenience  ol  delivery  for  the  dry  materials  are  important  determining  fac- 
tors in  the  selection  and  location  of  the  plant.  It  should  be  remembered  that  the  opportunities  are  infinitely 
greater  for  wasting  labor  back  of  a  mixer  than  in  front  of  it. 

28.  Forms  and  Reinforcement  for  Foundations. — Form  work  and  the  placing  of  rein- 
forcement for  foundation  work  does  not,  as  a  rule,  present  the  problems  that  are  present  in 
superstructure  work.  Piers  and  footing  courses  require  only  the  simplest  knowledge  of  form 
building,  and  the  wall  forms  are  the  only  ones  that  may  call  for  a  show  in  skillful  design.  The 
general  subject  of  forms,  their  design  and  construction,  is  considered  in  Art.  39. 

29.  Waterproofing  of  Foundations  and  Basements.^ — Waterproofing  of  basements  is  so 
intimately  connected  with  foundation  work  that  it  is  well  to  consider  it  at  this  point. 

Various  methods  of  waterproofing  are  in  use,  any  one  of  which  may  be  encountered  by  the 
builder.  There  is  the  integral  compound,  either  powder  or  liquid  in  form,  which  is  introduced 
in  the  concrete  at  the  time  of  mixing,  and  directions  for  the  use  of  which  are  furnished  by  the 
manufacturer.  Another  method  is  the  coating  of  the  finished  wall  with  special  preparations, 
such  as  ironite  or  the  hydrolithic  compounds.  These  are  usually  applied  to  the  interior  face 
of  the  wall,  permitting  the  work  to  be  done  at  any  convenient  time.  A  third  method  is  the 
coating  of  the  exterior  of  the  wall  with  coal  tar  pitch,  in  which  is  embedded  two  or  more  plies  of 
roofing  felt. 

When  conditions  require  a  so-called  pressure  basement,  a  connecting  strip  of  felt  and  tar  is  carried  through  all 
exterior  walls  as  well  as  over  all  column  footings  at  a  level  a  few  inches  below  the  fiqished  basement  floor.  After 
the  walls  are  finished,  the  coating  on  the  back  of  the  walls  is  applied  and  connected  to  a  lap  provided  on  these  hori- 
sontal  stripe  and  eventually  it  is  abo  connected  up  to  a  sheet  which  extends  under  the  entire  basement  floor.  For 
basements  which  are  under  a  constant  head  of  water,  this  is  one  of  the  most  successful  methods,  and  if  carried 
out  with  due  care  will  provide  ample  and  lasting  protection.  When  it  is  impractical  to  provide  sufficient  space  in 
which  to  apply  the  exterior  coating  on  walls  after  they  are  in  place,  the  felt  and  tar  may  be  mopi>ed  on  to  a  4-in.  brick 
or  tile  wall,  which  is  run  up  in  advance  and  against  which  the  permanent  wall  b  then  installed.  If  this  be  of  con- 
crete construction,  then  the  vertical  felt  course  as  well  as  all  horisontal  ones  should  be  protected  against  damage  by 
a  safety  course  of  cement  mortar  trowelled  on. 

Pressure  should  be  relieved  until  the  last  through  some  conveniently  located  sump  pit  at  which  time  this  place 
may  be  sealed;  and  if  the  waterproofing  is  skillfully  applied  the  basement  will  be  tight  thereafter. 


STRUCtURAL  STEEL  WORK 

s 

By  a.  G.  Moulton 

Structural  steel  is  utilized  so  frequently  in  the  various  phases  of  building  construction  that 
a  general  knowledge  of  its  proper  and  economical  handling  is  most  essential.  Aside  from  its 
use  as  sheet  piling,  and  in  superstructure  work,  steel  is  used  to  some  extent  in  building  opera- 
tions as  grillage  beams  and  foundation  girders  which  support  the  column  bases  or  stools,  which, 
in  turn,  carry  the  columns.  In  some  designs  the  cast  stools  will  be  eliminated  and  rolled  or 
cast  steel  billets  substituted. 

80.  Setting  Grillages. — Grillage  is  commonly  used  as  two  sets  of  steel  beams  on  each  foot- 
ing— one  placed  on  top  of  the  other,  but  reversed  as  to  direction  of  length.  The  individual 
beams  making  up  a  set  of  grillage  are  tied  together  by  means  of  bolts  and  pipe  supporters,  and 
m^erever  the  assembled  unit  is  not  beyond  the  capacity  of  the  field  forces  to  handle,  it  will  be 
found  desirable  to  have  the  assembling  done  at  the  mill. 

The  concrete  of  footings  or  piers  where  it  receives  the  grillage  should  be  left  by  the  mason  2  or  3  in.  below  the 
final  level  so  as  to  enable  the  more  accurate  setting  of  screeds.     Should  there  be  a  division  of  responsibility  between 

*  For  a  more  complete  treatment,  see  Hool  and  Johnson's  "Concrete  Engineers'  Handbook, "  pp.  82  to  90. 
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the  mason  and  the  steel  erectors,  the  best  results  will  be  obtained  by  having  the  mason  set  the  screeds.  These 
should  be  brought  to  exact  level  by  engineers'  instruments  and  solidly  grouted  into  place.  Pieces  of  IH-in.  anfple 
back  up,  or  wooden  strips  about  1  X  IH  in«i  make  satisfactory  screeds.  Grillage  beams  are  adjusted  f<M*  position 
laterally  by  means  of  lines  stretched  through,  on  column  center  points  and  projected  down  by  the  aid  of  small 
plumb  bobs.  If  an  engineer's  transit  is  available,  more  exact  work  will  be  obtainable.  An  accurate  set  of  grill- 
age beams,  which  means  the  same  for  stools  and  columns,  is  well  worth  the  effort  to  obtain.  A  tolerance  of  H  in., 
plus  and  minus,  both  in  level  and  line  is  unsatisfactory  practice. 

As  soon  as  beams  have  been  set  and  checked  by  the  engineer,  they  should  be  concreted  in  to  gnard  against 
accidental  shifting.     On  the  top  set,  hand-hold  clearance  should  be  left  to  insert  column  bolts,  if  same  are  required. 

31.  Equipment  For  Erecting  Steel  Frame  Btuldings. — On  steel  frame  buildings,  the  erec- 
tion equipment  will  be  delivered  and  set  up  while  the  foimdation  work  is  being  carried  on. 
The  selection  as  to  type  of  derrick  is  governed  by  the  size  of  the  building  site  and  the  character 
of  the  work  to  be  handled.  If  it  is  such  as  to  give  proper  play  to  the  revolving  boom,  then 
either  a  guy  derrick,  stiff  leg,  or  the  so-called  Chicago  boom,  may  be  used.  Where  proper  guying 
can  be  obtained  and  on  lots  40  ft.  or  more  in  width,  the  guy  derrick  will  prove  the  most  econom- 
ical. Where  suitable  anchorage  is  difficult  to  find,  or  where  the  guys  themselves  would  be 
objectionable,  as  on  narrow  comer  lots,  the  stiff  leg  derrick  will  probably  be  chosen.  On  narrow 
lots,  with  neighboring  building  on  one  or  both  sides,  of  height  equal  or  greater  than  the  new 
building,  then  the  Chicago  boom  may  be  used.  This  presupposes  that  the  consent  of  the  adjoin- 
ing owner  for  such  use  of  his  structure  can  be  obtained.  The  expedient  of  setting  the  derrick 
on  top  of  the  adjoining  building  should  be  adopted  only  as  a  last  resort.  Greater  initial  cost, 
the  discomfort  of  tenants  through  vibration  and  confusion  of  workmen  going  to  and  from  the 
roof,  the  expense  of  keeping  roof  in  water-tight  condition  during  operation,  and  the  permanent 
repairs  later,  will  all  go  to  more  than  offset  any  saving  gained  through  not  having  to  make 
additional  moves  in  carrying  the  derrick  up  with  the  new  work. 

82.  Locating  Derricks  for  Erection. — Having  chosen  the  type  and  number  of  derricks 
required,  the  exact  location  of  mast  centers  should  be  duly  determined.  This  should  be  such 
as  will  allow  the  greatest  range  of  action  over  the  building  area,  suitable  consideration  being 
given  to  the  point  from  which  loads  of  steel  will  be  received,  and  sufiicient  length  of  boom 
reserved  for  that  purpose. 

88.  Cycle  of  Erecting  Operations  with  Derricks. — With  the  guy  derrick,  full  revolution 
of  the  boom,  or  360  deg.,  is  possible;  with  the  stiff  leg  but  270  deg.  can  be  reached  with  full 
swing;  and  with  the  Chicago  boom  but  180  deg.  The  greater  range  of  the  guy  derrick  makes 
it  much  to  be  preferred.  For  building  work,  booms  from  75  to  90  ft.  in  length-  are  used.  A 
guy  derrick  with  an  85-ft.  boom  will  develop  the  greatest  efficiency  when  serving  an  area  of 
approximately  10,000  sq.  ft.  The  tonnage  involved  in  such  area,  will  generally  work  out  so  as  to 
provide  a  4-day  cycle  between  raises.  When  two  or  more  derricks  are  engaged  on  the  same 
operation,  precision  of  raises  must  be  observed — otherwise,  confusion  will  result  in  the  shipping, 
hauling,  and  unloading  of  steel  at  the  building  site.  The  expense  of  an  idle  derrick  with  full 
crew  waiting  for  steel  is  such  that  any  departure  from  the  estimated  schedule  is  promptly  dis- 
closed through  the  daily  cost  statements. 

On  a  4-day  cycle,  one  day  will  be  required  in  receiving  the  steel  and  elevating  it  to  the  working  floor.  Such 
columns  as  will  not  obstruct  the  play  of  the  boom  will  be  set  between  loads.  The  second  day  will  be  used  in  sorting 
out  the  various  beams  and  girders  and  throwing  them  out  on  the  working  floor  in  the  various  panels  to  which  they 
belong.  When  sorting  steel,  the  boom  should  never  swing  without  a  load,  and  the  active  foreman  will  so  arrange 
his  work.  Sorting  hooks  are  used  for  handling  individual  beams  and,  as  soon  as  a  number  of  beams  for  the  same 
panel  have  been  found,  a  sllng  is  thrown  around  them  and  they  are  delivered  to  the  proper  location.  The  third 
day,  the  erection  of  the  two  tiers  above  the  working  floor  is  made,  and  on  the  fourth  day  the  derrick  is  dosed  in  and 
raised  to  the  new  level,  and  planking  laid  for  the  next  working  floor. 

When  working  on  shops,  factory  buildings,  and  other  low  structures  where  the  tonnage  is  mainly  in  crane 
girders  and  roof  trusses,  one  or  more  poles  working  abreast  and  moved  back  out  of  the  way  of  the  advancing  work, 
will  be  the  method  chosen.  On  such  class  of  work,  if  the  tonnage  is  sufficient  and  direct,  and  railroad  connection 
is  convenient,  the  locomotive  crane  will  be  found  more  economical  than  the  poles.  On  heavier  and  higher  struc- 
tures, such  as  train  sheds,  power  houses,  etc.,  which  exceed  the  working  range  of  either  poles  or  locomotive  cranes, 
resort  is  then  had  to  the  traveler,  with  one  or  two  booms  mounted  on  same,  as  conditions  may  require. 

84.  Choice  of  Power  for  Derricks. — Wherever  electric  power  is  available,  it  is  generally 
to  be  preferred  over  steam  for  the  derrick  hoists,  particularly  on  high  buildings,  where  to  over- 
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come  the  excessive  drum  size  required  to  hold  the  necessary  length  of  cable  otherwise  required, 
the  hoists  are  themselves  raised  to  levels  midway  in  the  building.  Greater  cleanliness,  the 
avoidance  of  the  coal  and  ash  problem,  to  say  nothing  of  the  time  saved  in  not  having  to  raise 
steam,  are  all  in  favo^  of  the  electric  equipment. 

86.  Bolting  and  Plumbing  of  Superstructure. — As  steel  work  is  erected,  it  is  loosely  bolted 
by  the  connectors,  except  in  those  panels  which  carry  the  load  of  the  derrick.  These  sections 
should  be  bolted  up  100  %,  and  all  tie-rods,  if  any,  inserted  and  drawn  to  place  before  the  derricks 
are  raised.  Before  riveting  is  started,  certain  plumbing  of  columns  may  be  required.  Gen- 
erally, this  will  be  found  in  connection  with  the  comers  of  the  building  and  those  columns  adja- 
cent to  the  elevator  shafts.  The  great  refinement  which  has  entered  into  both  shop  detailing  and 
fabrication  of  steel  work  during  recent  years,  has  made  unnecessary,  to  a  large  extent,  the 
plimibing  heretofore  required.  Where  plumbing  is  needed,  it  is  accomplished  by  means  of 
diagonal  cables  strung  in  a  vertical  plane  and  tightened  by  means  of  turn-buckles  or  steamboat 
ratchets.     As  soon  as  the  work  is  riveted,  the  plumbing  guys  can  be  removed. 

86.  Riveting. — With  good  average  workmanship  on  the  part  of  the  fabricating  shop,  it  is 
possible  to  start  driving  on  the  floor  panels  as  soon  as  the  beams  have  been  raised  to  position 
and  by  keeping  one  or  more  riveting  gangs  engaged  above  the  working  floor,  or  that  where  the 
derrick  sets,  they  will  have  the  top  tier  driven  before  the  deck  planking  is  raised  to  become 
the  new  working  floor.  The  riveters  then  drop  back  and  catch  the  intermediate  tier,  return- 
ing again  on  the  third  day  to  the  new  upper  level  and  the  cycle  is  repeated.  This  method  is 
extremely  valuable  as  a  time  saver,  inasmuch  as  it  permits  the  centering  for  the  floor  system 
to  keep  directly  behind  the  derricks. 

37.  Steelwork  the  Pacemaker. — Steelwork  being  one  of  the  principal  lines  of  work,  should 
be  made  the  pacemaker  for  the  balance  of  the  trades;  therefore,  it  is  doubly  essential  that  a 
good,  clean  job,  with  all  points  caught  up  as  it  goes,  should  be  given.  With  such  an  example,  other 
trades  are  more  apt  to  accept  the  invitation  and  follow  along  similar  lines.  On  the  other  hand, 
if  the  job  is  not  cleaned  up  as  it  goes,  and  the  riveting  or  painting  is  allowed  to  drag,  then  the 
effect  will  be  immediate,  the  following  trades  will  be  strung  out  to  unnecessary  limits,  and  the 
progress  of  the  whole  building  will  suffer  delay. 


FLOOR  CONSTRUCTION 
By  a.  G.  Moulton 

Uniformly  progressive  installation  of  the  various  floor  S3rstems  in  a  building,  whatever  may 
be  their  type,  is  a  healthful  indication  of  the  progress  of  the  structure  as  a  whole.  The  more  even 
the  rate  at  which  floors  are  installed,  and  in  steel  frame  buildings,  the  more  closely  their  con- 
struction is  kept  up  with  that  of  the  supporting  steel  or  walls,  the  better  will  be  that  building's 
progress.  This,  perhaps,  will  be  more  readily  understood  when  it  is  considered  that  on  build- 
ings of  more  than  the  one  floor  level  each  succeeding  floor  system  as  installed  furnishes  just 
that  needed  additional  space  on  which  to  advance  the  trades  in  sequence,  and  provides  an  open- 
ing for  the  next  and  newest  trade  on  the  lower  level. 

Ordinarily,  the  normal  progress  of  trades  up  to  the  point  of  plastering  is  through  the  build- 
ing from  the  bottom  up.  From  that  point  on,  in  fireproof  buildings  of  8  stories  and  under,  other 
conditions  enter  into  consideration  and  it  may  be  found  advisable  to  start  the  finishing  trades 
from  the  top  and  work  downward.  On  buildings  above  8  stories  in  height,  where  a  normal 
schedule  has  been  maintained,  this  change  in  direction  can  be  made  only  at  the  expense  of  a  defi- 
nite delay  in  the  final  completion  of  the  building. 

In  view  of  the  importance  of  the  rate  at  which  floors  are  constructed,  it  can  be  seen  that 
every  effort  should  be  made  to  schedule  the  delivery  of  materials  so  that  the  floor  installations 
may  proceed  uninterrupted  at  the  predetermined  pace. 

88.  Centering  for  Floors. — In  all  cases,  some  type  of  centering  or  forms  will  be  required, 
the  selection  and  design  of  which  are  usually  left  to  the  discretion  of  the  builder.   Having  reached 
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a  decision  as  to  the  type,  consideration  is  then  given  as  to  the  quantity  of  centering  which 
should  be  provided  in  order  to  give  uninterrupted  service.  Reference  to  the  building  schedule 
indicates  the  allotted  time  from  finish  to  finish  of  the  respective  floor  systems,  while  the  type 
of  system  and  the  season  of  year  in  which  the  construction  is  proceeding  determines  the  length 
of  time  that  should  elapse  between  the  placing  and  stripping  of  a  set  of  forms  or  centers.  With 
these  two  factors  known,  the  extent  of  centering  required  will  easily  be  determined. 

On  steel  frame  buildings  with  ihort  or  eemi-long  span  arch  construction,  the  centering  can  be  hung  from  above 
with  considerable  advantage,  inasmuch  as  it  leaves  the  story  below  unobstructed  by  shores  or  props.  For  the  long, 
span  arch  the  support  from  below  provides  the  more  feasible  method. 

39.  Forms  for  Concrete.' — In  the  design  of  forms,  centers,  and  other  false  work,  careful 
consideration  should  be  given  to  Ihe  probable  methods  of  removal — ^that  is,  the  design  should 
be  such  that  the  forms  can  be  taken  down  with  a  minimum  of  effort  and  with  the  least  possible 
damage  to  the  parts  involved.  This  will  be  better  realized  when  it  is  understood  that  over 
half  the  exi)ense  of  concrete  construction  is  made  up  in  form  costs  plus  the  labor  of  removal. 
As  a  consequence,  any  labor  economy  of  this  nature  that  can  be  incorporated  in  the  design  will 
be  found  to  multiply  itself  throughout  the  building,  since  the  forms,  through  easy  handling, 
are  capable  of  being  re-used.  If  satisfactory  results  are  to  be  obtained,  careful  attention 
should  be  given  to  the  kind  and  type  of  lumber  to  be  employed,  to  the  arrangement  of  joints 
at  internal  angles  where  one  section  abuts  another,  to  the  adjustment  of  supports  and  props 
so  as  to  permit  of  early  and  partial  stripping,  to  the  application  of  form  oil  or  other  coating 
to  the  inside  of  forms  before  using,  to  the  cure  of  that  ever  prevalent  abuse  of  unnecessary 
nailing,  and  to  the  limited  use  of  camber  in  girder  and  beam  forms.  On  buildings  of  multiple 
stories,  where  forms  are  used  on  an  average  of  three  or  four  times,  it  can  be  safely  assumed 
that,  if  the  above  precautions  are  taken  to  make  possible  such  re-use,  then  all  the  initial  re- 
quirements as  to  stability  and  tightness  will  likewise  have  been  covered. 

The  knowledge  and  experience  of  the  builder  will  generally  enable  him  to  select  proper  sises  of  lumber  and 
supports  without  resort  to  special  calculations.  If  in  doubt,  however,  reference  can  be  had  to  the  many  tables  which 
have  been  prepared  on  the  subject,  and  which  are  available  for  all  conditions  iisually  to  be  met  with.  Methods  by 
which  the  concrete  will  be  transferred  to  the  forms  should  be  considered,  and  sufficient  bracing  be  provided  to 
compensate  for  undue  loads  from  that  source.  Horiiontal  members  should  be  able  to  support  the  weight  of  con- 
crete and  the  construction  load.  Vertical  members  must  resist  a  hydrostatic  pressure  of  about  145  lb.  for  each  ver- 
tical foot  of  height. 

On  all  types  of  concrete  arches  between  steel  beams,  it  is  highly  desirable  to  keep  the  runway  plank  and  work- 
men off  the  centers  or  panels  as  much  as  possible.  The  location  of  runway  plank  should  be  determined  in  advance, 
and  proper  supports  provided  that  will  not  interfere  with  reinforcement  and  other  items  entering  into  the 
construction. 

On  all  operations  of  importance — and  it  is  hard  to  conceive  any  items  of  structural  concrete  which  would  not 
classify  as  such — a  careful  and  well  organised  system  of  inspection  should  be  provided  that  shall  remain  in  force 
from  the  time  the  forms  are  started  until  their  final  removal  from  the  building.  Such  service  is  a  necessary  part  of 
the  contractor's  organisation,  even  though  supplemented  by  the  owner  or  designing  engineer.  Individual  in- 
spectors should  be  carefully  instructed  as  to  their  respective  duties,  and  a  comprehensive  system  of  daily  reports 
installed  to  insure  their  adherence  thereto. 

The  quality  of  dry  materials,  the  method  of  storage,  the  handling  and  proportioning  of  the  materials,  the  erec- 
tion and  thorough  cleaning  of  forms  before  filling,  the  operation  of  pouring,  the  watching  against  possible  settle- 
ments or  distortions  of  forms  during  that  period,  the  care  of  concrete  surfaces  while  undergoing  the  setting  process, 
as  well  as  the  proper  length  of  time  to  intervene  before  stripping,  are  all  matters  of  too  vital  importance  to  impose 
upon  the  unsupported  judgment  of  the  construction  foreman.  He,  as  a  rule,  is  too  engrossed  with  the  questiou  of 
speed  and  initial  cost  to  make  possible  an  appraisal  of  such  items  at  their  true  value. 

89a.  Lumber  Forms. — Spruce  and  pine,  cither  Norway  or  Southei  n,  are  the  lum- 
bers most  generally  used  for  form  work,  partially  seasoned  wood  being  the  best.  Hemlock 
is  not  desirable  for  forms  owing  to  its  inability  to  weather  while  standing  exposed.  For  all 
surfaces  where  the  concrete  is  to  be  later  exposed,  dressed  lumber  should  be  used.  For  flat 
surfaces,  such  as  wall  or  floor  panels,  shiplap  is  preferable,  although  tongue-and-groove  is  satis- 
factory, and  even  square  edge  may  be  used  if  precaution  is  taken  to  provide  suflicient  support- 
ing members  to  prevent  buckling  of  the  individual  boards.     For  columns  and  girder  bottoms, 

^  For  a  complete  treatment  of  *' Forms"  including  their  design,  see  Hool  and  Johnson's  "Concrete  Engineers' 
Handbook."  pp.  93  to  137. 
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2-in.  stock,  and  for  floor  panels  and  beam  and  girder  sides,  1-in.  stock  may  be  used;  while 
footings  may  take  either  1-in.  or  2-in.  stock,  depending  upon  local  conditions.  The  use  of 
uprights  of  3  X  4  in.  or  4  X  4  in.,  spaced  from  3  to  6  ft.  apart,  is  the  usual  practice. 

896.  Finish  of  Forms. — All  interior  surfaces  of  forms  should  be  dressed  true  to 
give  good  surfaces  to  the  casting,  free  from  joint  and  other  marks.  On  exposed  work,  all 
sharp  comers  should  be  bevelled  by  inserting  small  triangular  strips  in  the  forms.  After 
forms  have  been  erected,  ice  and  snow  should  not  be  allowed  to  collect  therein,  and,  if  so, 
such  accumulations  should  be  removed  before  concrete  is  deposited^  If  forms  are  allowed 
to  stand  for  any  considerable  period  before  filling,  shrinkage  cracks  will  have  to  be  taken 
up  and  all  supporting  timbers  and  braces  gone  over  and  tightened  before  pouring  is  resumed 

To  give  specially  smooth  surfaces  and  to  prevent  the  production  of  grain  in  the  concrete  surface,  as  well  as  to 
permit  easy  removal  of  forms,  the  interior  surfaces  may  be  coated  with  soft  soap,  or  with  form  oil,  which  is  crude, 
or  other  heavy  mineral  oil. 

39c.  Removal  of  Forms. — The  elapsed  time  within  which  forms  may  be  re- 
moved with  safety,  is  not  entirely  a  matter  of  individual  judgment.  The  normal  process 
through  which  setting  concrete  passes  is  such  that,  with  the  standard  proportions  and  mixes 
now  universally  used,  a  minimum  i)eriod  is  definitely  established,  below  which  the  forms  can 
not  be  disturbed  without  i)ermanent  impairment  of  the  work.  This  minimum,  under  most 
favorable  weather  conditions,  can  be  assumed  at  5  days  for  vertical  compression  members, 
such  as  columns  and  walls,  and  from  7  to  10  days  for  such  other  members  as  are  subject  to 
bending  stresses.  From  this  up  to  the  maximum  period,  the  elapsed  time  should  increase  in 
widening  ratio,  depending  upon  the  departure  from  normal  of  the  three  following  factors: 
(1)  the  consistency  of  the  original  mix;  (2)  the  temperature  encountered  in  the  first  7  days; 
and  (3)  the  atmospheric  conditions  in  the  same  period,  with  particular  reference  as  to  its 
humidity.     Short  of  freezing  weather,  the  maximum  period  should  not  exceed  21  days. 

Before  striking  any  set  of  centers,  inspection  of  the  work  should  be  made,  and  its  soundness  determined  by  tap- 
ping with  some  heavy  object,  the  resultant  ring  indicating  the  degree  of  hardness  then  obtaining.  Care  should  be 
taken  not  to  mistake  frosen  concrete  for  that  which  has  set;  and  for  this  purpose  the  system  of  daily  reports  hereto- 
fore mentioned  should  be  referred  to. 

The  successful  removal  of  forms  is  an  operation  requiring  considerable  skill,  and  unless  carefully  watched  will 
undoubtedly  be  responsible  for  many  unsuspected  drains  upon  the  payroll,  to  say  nothing  of  the  lumber  pile. 
The  foreman  or  superintendent  who  will  personally  supervise  the  striking  of  a  set  of  difficult  forms  will  never  there- 
after be  caught  with  a  poor  design,  or  permit  careless  and  faulty  work  in  the  erection. 

Forms  for  circular  columns  and  for  flaring  column  heads,  are  quite  generally  of  steel.  Steel  forms  for  floor  and 
wall  forms  are  also  coming  into  extended  use.  They  are  made  sectionally  and  in  extensionable  imits  to  provide 
easy  handling  and  adaptability  to  varying  constructions.  Steel  forms  give  a  full,  smooth  finish  to  the  concrete  sur- 
face, and  have  a  high  salvage  value. 

40.  Bending  and  Placing  Reinforcement  > — Steel  should  be  checked,  assorted,  and  stored 
88  soon  as  it  is  delivered  at  the  site.  It  should  be  blocked  up  free  from  the  ground,  and  should 
be  stored  in  such  a  manner  that  those  rods  needed  first  may  be  easily  reached. 

In  locaUties  where  trade  custom  permits,  the  bending  of  reinforcement  can  quite  often  be 
done  more  economically  at  the  mill  than  at  the  building  site.  Where  this  is  not  the  case,  suit- 
able equipment,  in  the  way  of  bending  machines,  many  varieties  of  which  are  now  on  the  market, 
should  be  provided,  and  will  be  found  a  good  investment,  particularly  if  the  tonnage  is  heavy 
and  the  bends  are  complicated.  For  light  tonnage  and  simple  bends,  a  very  satisfactory 
makeshift  can  be  devised  on  a  home-made  bench  with  the  aid  of  dowels  or  pins  adjustable  in 
position  to  s\iit  the  varying  templates,  and  a  piece  of  pipe  to  act  as  lever  in  applying  the  neces- 
sary bending  force. 

All  ordinary  bending  is  done  cold.  Only  when  working  in  sizes  1>^  in.  and  over  will  heat  be  required,  and  then 
only  to  a  low  degree.  The  bending  force  should  be  applied  gradually,  as  a  jerk  is  liable  to  snap  or  break  the  bars, 
particularly  in  the  high  grade  and  reroUed  steels. 

It  wiU  be  found  advisable  to  so  arrange  that  all  rods  of  the  same  sise  and  shape  are  bent  at  one  time,  so  as  to 
avoid  the  reaetting  of  templates. 

s  See  also  Sect.  6,  Art.  13;  for  more  complete  treatment  see  Hool  and  Johnson's,  "Concrete  Engineers'  Hand* 
book,"  pp.  130  to  146. 
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In  the  placing  of  reinforcement,  the  importance  of  a  thorough  supervision  and  inspection  cannot  be  too  greatly 
enlarged  upon.  Whether  it  be  in  the  shape  of  rods,  spirals;  stirrups,  fabric,  or  lath,  the  accurate  placement  and 
adjustment  to  position,  so  that  it  may  not  be  displaced  during  subsequent  operations,  are  details  deserving  of  the 
closest  attention.  Not  only  is  the  safety  of  the  work  involved,  but  through  the  application  of  systematic  principles, 
improved  costs  will  likewise  be  found  to  result.  For  the  proper  spacing  and  support  of  reinforcement  in  the  forms, 
many  ingenious  devices,  such  as  chairs,  dips,  and  spacers  have  been  perfected  and  their  use  can  often  be  recom- 
mended. 

Steel  should  be  thoroughly  cleaned  before  being  placed  in  the  forms,  in  order  to  obtain  a  positive  adhesion  of 
the  concrete  to  the  steel.  A  slight  film  of  rod  rust  is  not  objectionable,  but  no  rod  should  be  set  in  place  on  which 
rust  scales  have  formed. 

The  fabrication  of  beam  and  girder  reinforcement  into  units  before  placing,  similar  to  that  followed  for  colunms, 
will,  in  many  instances,  work  out  to  advantage  both  in  time  and  money. 

After  reinforcement  has  been  placed,  and  just  before  pouring,  a  thorough  inspection  should  be  made  to  deter- 
mine whether  all  metal  required  by  the  plana  has  been  supplied,  that  the  forms  are  clean,  and  that  all  inserts, 
hangers,  pipes,  and  other  auxiliaries  are  in  their  proper  position.  On  combination  arches,  filler  tile,  if  broken,  should 
be  replaced,  and  tlie  tile  which  have  been  disturbed  again  brought  into  alignment.  In  extremely  dry  and  hot  wea- 
ther, a  drenching  of  forms  with  water  just  before  the  concrete  is  deposited,  will  prevent  excessive  absorption  and 
consequent  robbing  of  water  from  the  concrete  mix. 

41.  Handling  and  Storage  of  Concrete  Materials. — Satisfactory  construction  in  concrete 
cannot  be  obtained  if  slipshod  methods  are  allowed  to  dominate  the  field  practice.  While 
the  quality  and  selection  of  materials  entering  into  the  work  are  generally  determined  by  the 
purchasing  or  contract  departments,  the  burden  of  final  responsibihty  always  rests  with  the 
field  organization,  who  by  the  acceptance  of  inferior  materials,  may  entirely  defeat  the  promises 
of  the  most  carefully  prepared  designs.  Not  only  is  the  quality  of  the  various  materials  to  be 
watched,  but  the  method  of  job  handling  and  storage  should  be  so  worked  out  that  no  opportu- 
nity for  their  deterioration  is  permitted  after  delivery  and  before  actual  use. 

In  this  respect,  different  operations  require  different  treatment.  On  some,  it  may  be  quite 
sufficient  to  rely  on  daily  deliveries  of  the  stone,  sand,  and  cement  required.  On  others,  where 
delivery  facilities  cannot  be  so  well  depended  upon,  a  stock  reserve  will  have  to  be  provided. 
This  may  be  either  ground  storage  with  planks  beneath  to  prevent  contamination  from  earth 
and  other  foreign  matter,  or  it  may  take  the  shape  of  bins,  should  the  storage  involved  be  suffi- 
cient to  warrant  their  construction.  On  large  operations,  where  concreting  is  proceeding  more 
or  less  continuously,  the  use  of  hoppers  or  bins  becomes  almost  mandatory,  and  this  is 
particularly  true  where  a  direct  rail  delivery  of  materials  is  had  to  the  job.  For  filling  such 
bins,  use  is  made  of  either  the  continuous  bucket  conveyor,  skip  buckets  operated  by  a  hoist 
cable,  or  the  clam-shell  type  of  grab  bucket,  the  latter  being  the  more  flexible  arrangement  if 
the  equipment  is  available  and  if  also  there  is  space  within  which  to  operate.  If  storage  bins 
can  be  set  up  so  as  to  feed  direct  to  the  mixer,  a  second  handling  and  considerable  labor  will  be 
saved. 

Remembering  that  the  useful  performance  of  cement  is  brought  about  through  its  chemical  union  with  water 
during  the  mixing  with  other  materials,  it  follows  that  storage  of  cement,  whether  in  bags  or  bulk,  should  be  in  dry, 
air-tight  storage  rooms.  Cement  is  avid  for  water  at  all  times,  and  exposure  to  dampness  in  any  degree  before  use 
proportionately  lessens  its  ability  when  called  upon  to  give  useful  service.  Cement  may  be  delivered  in  bags,  bar- 
rels, or  bulk.  The  latter  method  has  many  advocates,  and  when  its  use  is  permitted,  the  greatly  lessened  labor  cost 
of  handling  will  usually  compensate  for  any  risks  taken  in  shipment.  For  bagged  cement,  gravity  unloaders  lead- 
ing from  the  car  or  truck  to  the  warehouse  floor  can  be  used  to  advantage.  Individual  shipments  of  cement  should 
not  be  allowed  to  collect  and  remain  for  extended  periods  in  job  storage.  Even  at  the  expense  of  extra  labor,-  if 
that  be  necessary,  the  older  cement  should  be  identified  and  worked  up  at  frequent  intervals. 

The  important  relation  which  exists  between  the  value  of  the  empty  cement  container  and  that  commodity 
itself  is  quite  often  underestimated  by  even  those  who  should  be  the  most  interested.  With  cloth  sacks  carrying 
a  reclaim  value  of  15o.  each,  it  can  be  seen  that  from  20  to  25%  of  the  initial  cost  per  barrel  is  made  up  in  this  one 
item,  and,  as  a  consequence,  any  unaccounted  for  or  damaged  bags  can  produce  a  very  marked  effect  on  the  cost 
units.  One  prolific  source  of  loss  comes  through  the  original  acceptance  from  the  dealer  of  damaged  or  unsound 
bags,  and  a  rigid  inspection  at  time  of  delivery  should  be  instituted  to  guard  against  such  practice.  Empty  cement 
bags  should  be  collected  daily  from  each  mixer,  and  suitably  protected  from  the  weather  and  against  pilfering  until 
they  can  be  coimted  and  bundled  for  return  to  the  manufacturer. 

The  informal  use  of  bags  by  workmen  for  protective  coverings,  foot  wear,  aprons,  tool  bags,  etc.,  should  at  all 
times  be  prohibited. 

Before  bundling,  each  bag  should  be  shaken  in  order  to  reclaim  as  much  loose  cement  as  possible.  It  has  been 
estimated  that  the  average  waste  per  bag  is  H  lb.  from  this  source  alone.  Mechanical  bag  shakers  have  been  de- 
vised for  this  purpose,  and  are  being  successfully  used  on  many  operations. 
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42.  Measurement  of  Materials. — In  the  proportioning  and  measurement  of  the  several 
ingredients  entering  into  concrete,  long  and  continued  custom  has  developed  certain  general 
methods  which,  while  they  do  not  by  any  means  approach  laboratory  practice,  at  least,  when 
handled  with  judgment,  provide  a  certain  amount  of  consistency  of  practice  against  the  faults 
of  which  the  designing  engineer  can  and  does  guard  by  the  selection  of  proper  safety  factors. 

It  18  therefore  eaaentuJ  that  when  1-2-4  or  1-3-5  mix  is  specified,  that  the  workmen  and  those  in  charge  under- 
stand and  can  place  the  proper  trade  interpretation  on  the  requirements.  Ordinarily,  a  barrow  of  stone  or  sand 
used  for  charging  purposes,  is  taken  at  2  cu.  ft.,  while  the  commercial  bag  of  cement  is  considered  as  having  a 
eontent  of  1  cu.  ft. 

43.  MJTJng  Concrete. — Mechanical  mixers  are  now  procurable  in  such  sizes  that  any  of 
the  standard  mixes  can  be  run  through  at  full  batch  capacity  without  resorting  to  split  bags 
of  cement.  Water  should  be  introduced  only  in  measured  quantities.  Clean  water  only  should 
be  used,  and  having  once  found  the  quantity  per  batch  required  for  the  desired  consistency, 
that  amount  only  should  be  used  for  all  subsequent  batches  that  are  formed  from  the  same 
aicgregate. 

A  daily  count  of  all  batches  turned  out  by  any  one  mixer  should  be  kept  by  the  workman,  against  which  can 
be  checked  its  total  consumption  of  cement.  If  followed  up  consistently  this  will  aid  in  detecting  any  departure 
from  the  uniform  mix.  Mechanical  mixers  are  now  built  in  so  many  different  sixes  that  one  will  be  found  suitable 
for  even  the  smallest  of  operations.  As  a  result,  hand-mixed  concrete  in  these  days  has  almost  entirely  disappeared 
from  building  construction  practice. 

44.  Transporting  Concrete. — The  safe  and  economical  transportation  of  concrete  from  the 
mixer  to  the  forms  is  a  subject  always  to  be  accorded  the  most  careful  consideration — ^not  that 
the  proven  methods  are  innumerable,  or  in  themselves  greatly  at  variance,  but  so  that  the  par- 
ticular concrete  operation  under  study  is  viewed  in  the  proper  relation  which  it  bears  to  the 
structure  as  a  whole.  If  it  dominates,  then  the  mixing  plant  and  transportation  system  will 
be  given  the  first  consideration  and  all  other  facilities  are  made  subordinate  thereto.  On  the 
other  hand,  if  this  particular  placement  of  concrete  is  not  the  controlling  trade,  then  that 
arrangement  will  be  chosen  which  best  lends  itself  to  the  general  scheme  of  material  trans- 
portation, all  trades  being  considered. 

Some  elementary  principles  upon  which  the  ideal  transportation  system  should  be  based,  have  been  summed 
up  briefly  by  one  eminent  authority  as  follows:  (1)  that  the  time  interval  elapsed  between  reception  of  concrete  and 
its  delivery  to  forms  will  not  cause  it  to  dry,  or  to  take  initial  set;  (2)  that  the  system  shall  be  tight,  so  that  the  more 
fluid  portions  may  not  be  lost  in  transit;  (3)  that  the  mode  of  transit  shall  not  permit  a  separation  of  ingredients; 
(4)  that  the  delivery  shall  be  approximately  continuous,  so  that  mixtures  of  varying  composition  may  not  be  caused 
by  stoppage  and  settling;  (5)  that  it  shall  be  efficient,  rapid,  and  economical.  In  this  summary,  the  order  of  im- 
portance is  such  as  to  emphasise  quality  of  product  delivered,  as  well  as  cheapness.  With  the  foregoing  in  mind, 
the  proper  selection  of  the  ssrstem,  be  it  hand  propulsion,  vertical  hoist,  gravity,  or  a  combination  of  the  three, 
must  be  left  to  that  individual  best  conversant  with  the  situation,  and  responsible  for  results. 

46.  Placing  of  Concrete. — Hardly  less  important  than  the  transportation  of  concrete  is  its 
placement  in  the  forms.  The  placement  should  be  such  as  not  to  permit  the  separation  of  the 
concrete  into  its  component  parts,  as  would  occur  if  it  were  deposited  continuously  in  one  spot. 
Beams  and  slabs  should  be  filled  to  the  top  in  one  continuous  operation.  When  interruption 
to  the  work  occurs,  such  as  the  end  of  the  day's  shift,  stoppage  should  be  made  only  at  prede- 
termined points  where  the  security  and  safety  of  the  work  will  not  be  affected.  The  general 
practice  on  floor  slabs  and  beams  is  to  make  this  at  the  center  of  the  span  with  the  stopping 
plane  perpendicular  and  at  right  angles  to  same.  Columns  should  be  poured  complete  to  the 
bottom  of  beams  or  girders  in  one  operation,  and  then  allowed  to  set  before  proceeding  with  the 
floor  construction.  When  new  concrete  is  deposited  on  old,  special  precaution  must  be  taken 
to  secure  proper  union. 

While  filling  forms  with  concrete,  too  much  attention  cannot  be  given  to  the  spading  required  if  good  work- 
manship is  to  be  obtained.  This  action  not  only  carries  the  heavier  materials  away  from  the  face  of  the  forms  and 
so  produces  a  denser  and  smoother  surface,  but  it  also  eliminates  to  a  large  degree  the  air  bubbles  which  otherwise 
form  and  if  not  removed  account  in  part  for  porous  work.  The  tapping  of  forms  on  the  outside  while  concrete  is 
bong  deposited  is  likewise  beneficial  in  producing  stronger  work. 

Concrete  drippings  from  the  runwasrs,  as  well  as  any  other  material  that  has  taken  on  the  initial  set,  must  not 
be  mixed  wiUi  the  good,  but  should  be  rejected  and  removed  from  the  building.    At  the  dose  of  a  day's  work,  all 
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mixers,  bucketa,  ■pouts,  buggies,  runways,  etc.,  should  be  thoroughly  cleaned  and  flushed  out  with  cl«tn  water. 
Particular  attention  should  be  given  to  mixers,  and  all  accumulations  of  drippings  removed  while  yet  in  a  plastic 
state. 

46a.  Bonding  New  Concrete  to  Old. — True  union  between  new  and  old  concrete 
is  difficult  to  secure.  This  difficulty  increases  as  the  water  content  of  concrete  is  increased, 
both  by  tending  to  produce  a  film  or  layer  of  fluffy  laitance  at  the  top  of  the  concrete  first  poured 
and  also  by  diluting  the  cementing  solutions  in  the  new  concrete,  which  solutions  furmsh  the 
attaching  or  bonding  means  by  contacting  with  and  entering  into  the  old  or  set  material. 

Customary  recommendations  are:  (1)  To  roughen  the  old  surface,  (2)  to  thoroughly  wet  it,  and  (3)  to  coat  it 
with  a  paste  of  neat  cement,  well  rubbed  in,  before  pouring  the  new  concrete.  These  have  a  sound  basis,  except: 
(1)  that  the  depth  of  roughening  or  removing  old  material  should  be  so  specified  as  to  give  assurance  that,  dean, 
sound  material,  without  dirt  or  laitance  will  be  exposed:  and  (2)  that  the  surface  should  be  dry,  not  wet  at  the  time 
the  cement  wash  is  applied,  as  wetting  fills  the  pores  in  the  set  material  with  a  fluid  unchanged  by  cementing  prod- 
ucts and  makes  weak  the  cementing  solutions  directly  at  the  plane  of  contact  where  they  should  be  strongest  for 
the  result  desired. 

46.  Finis!iing  Concrete  Surfaces. — Exposed  surfaces  of  concrete  require  different  treat- 
ments according:  (1)  to  the  excellence  of  their  materials  and  workmanship,  and  (2)  to  their 
exposure  and  the  character  of  their  service. 

The  first  of  these  is,  as  always,  of  chief  importance.  Thoroughly  first-grade  concrete,  well 
placed  and  true  to  line,  needs  little  or  no  finishing  after  it  has  set,  except  where  architectural 
reasons  require  some  special  finish,  such  as,  a  matt,  bush  hammered,  re-cut,  or  exposed 
aggregate  finish.  Inferior  or  careless  work,  on  the  other  hand,  necessitates  long  and  arduous 
labor  to  make  it  presentable  and  useful. 

46a.  Removing  Form  Marks. — Careless  building  or  bracing  of  forms  always 
leaves  a  multitude  of  fins,  edges,  and  blemishes.  Fins  may  be  readily  removed  by  hand  labor 
with  hammer  and  chisel.  Edges  may  be  removed  in  like  manner,  but  only  with  patient  and 
careful  labor.  Blemishes,  such  as  wood-draining,  etc.,  can  either  be  ground  off,  or  can  be 
effectively  concealed  by  brushing  with  a  wash  of  neat  cement  in  water.  Blemishes  left  by 
cutting  off  tie  wire  may  be  concealed  by  painting  carefully  with  cement  mortar  before  the  ce- 
ment wash  is  applied. 

466.  Repairing  Surface  Honeycomb. — Honeycomb  is  commonly  viewed  with 
lenience,  but  it  is  one  of  the  surest  evidences  of  poor  workmanship  in  placing  concrete.  Accord- 
ing to  its  location  and  the  character  of  materials  used  in  the  concrete,  it  may  or  may  not  indicate 
a  serious  weakness.  If  strength  is  not  impaired  by  its  extent  and  presence,  it  may  be  concealed 
more  or  less  permanently  by  painting  or  plastering  over  with  cement-sand  mortar,  with  a  final 
cement  wash  to  blend  it  into  adjacent  material.  Such  methods  are,  however,  apologies  at 
best.    Honeycomb  should  properly  be  cut  out  and  replaced  with  sound  concrete. 

46c.  Grinding  Concrete  Surfaces. — When  concrete  is  moist  and  green,  it  is  treated 
more  easily  than  when  dry  and  hard.  Grinding  of  green  surfaces  may  be  readily  done  either 
by  hand  labor,  using  carborundum  bricks,  or  by  electric  machines  marketed  for  these  purposes. 
Grinding  makes  a  very  effective  finish  where  the  cost  is  not  prohibitive. 

46d.  Grinding  Concrete  Floor  Surfaces. — Where  "dusting,"  or  other  surface  de- 
fects are  found  in  concrete  floors,  grinding  off  from  He  to  Jg  in.  is  the  surest  and  most  effective 
remedial  means.  The  dusting  of  concrete  floors  is  usually  caused  by  the  use  of  excess  water 
in  the  making  of  the  concrete,  or  else  by  excessive  ramming  or  floating.  B^moval  of  the  loose- 
textured  surface  in  such  cases  is  necessary  for  lasting  relief.  Grinding  machines,  iisually 
electrically  driven,  perform  the  work  quite  eflSciently,  though  the  process  is  tedious  at  best. 
Temporary  relief  may  be  had  from  chemical  "hardeners"  marketed  under  various  trade  names. 

466.  Special  Surface  Finishes. — Tool-cut  surfaces  may  be  obtained  in  the  usual 
way  where  cost  is  not  prohibitive.  Stippled  surfaces,  or  exposed-aggregate  surfaces  may  be 
obtained  by  wire-brushing  the  concrete  when  green,  or  by  acid  washes,  or  by  both.  The  effects 
obtained  can  be  greatly  varied  by  the  selection  of  various  colors  of  aggregates  and  the  means  of 
treatment  adopted.^ 

1  See  "Concrete  Engineers'  Handbook"  by  Hool  and  Johnson  for  detailed  treatment. 
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47.  Concretiag  in  Hot  and  Cold  Weather. — During  hot  weather,  excessive  evaporation  is 
liable  to  dry  out  the  concrete  before  the  cement  has  had  a  chance  to  set.  The  usual  procedure 
under  such  conditions  is  to  keep  the  work  moistened  and  protected  against  the  direct  rays  of  the 
sun  by  a  covering  of  some  sort,  such  as  sawdust  or  canvas. 

In  cold  weather,  even  before  the  actual  freezing  point  has  been  reached,  it  is  customary  to 
take  special  precautions.  The  day's  work  should  not  be  started  until  there  are  indications  that 
there  will  not  be  a  sudden  or  decided  drop  in  temperature,  and  the  work  should  be  suspended 
sufficiently  early  in  the  day  to  permit  of  proper  protection  from  the  cold  nights  and  possible 
frost.  This  can  be  obtained  by  spreading  out  a  coating  of  straw,  canvas,  or  even  sand  and  cin- 
ders, if  they  are  being  used  on  the  work.  When  work  has  to  be  carried  on  below  the  freezing 
point,  and  20  deg.  is  about  the  limit,  artificial  heat  will  have  to  be  supplied  by  means  of  coke  or 
coal  fires  in  salamanders,  the  heat  thus  produced  being  confined  within  the  building  by  a  Uberal 
use  of  canvas,  or  other  protection  around  the  exterior  at  the  level  at  which  the  work  is  being 
carried  on. 

When  working  under  extreme  oonditioDB  of  thia  nature,  the  preheating  of  water  and  aggregate  will  be  found 
necessary  in  order  that  the  concrete  shall  not  freese  before  it  reaches  the  forms.  Steam  coils  or  live  steam  is  the 
usual  method  of  providing  the  heated  water.  Sand  and  stone  if  received  at  the  job  in  a  frosen  condition,  must  be 
thawed  out  before  being  placed  in  the  mixer.  A  wood  fire  within  a  metal  drum  or  old  section  of  smoke  stack,  and 
around  which  are  piled  the  frosen  lumps,  is  perhaps  the  most  satisfactory  method.  Steam  jets  are  helpful  in  work- 
ing out  frosen  car  loads  or  piles  of  sand  and  stone. 

48.  Floor  Arch  Systems. — Most  floor  arch  systems  are  called  upon  to  provide  concealment 
for  horizontal  pipe  nms,  conduits,  etc.  In  concrete  construction  these  pipes  are  often  embed- 
ded in  the  arch  itself.  In  tile  construction,  they  must  be  run  in  a  fill,  generally  of  cinder  concrete 
laid  on  top  of  the  arch  for  that  purpose.  If  the  former  system  is  being  used,  then  the  electrician, 
plumber,  and  any  other  pipe  trade,  whose  lines  may  be  involved,  should  be  on  the  building 
with  materials  and  full  information,  so  as  to  install  his  work  directly  the  centers  have  been 
erected.  If  the  second  method  is  being  used,  then  the  lines  will  not  be  required  and  should 
not  be  laid  until  means  are  provided  to  protect  them  with  the  concrete  fill.  On  concrete  arches 
where  the  upper  surface  provides  also  the  floor  finish,  it  is  customary  to  complete  the  trowel 
or  float  finish  at  the  time  the  arches  are  poured.  When  the  cinder  fill  intervenes,  the  finish 
being  cement  or  hard  wood  or  strips,  the  arch  only  is  installed  at  this  time,  leaving  the  balance 
of  the  work  to  be  followed  up  by  succeeding  trades  and  at  a  later  date. 

Whether  this  floor  fill  should  be  placed  before  or  after  the  ceilings  are  plastered,  is  dependent  upon  individual 
conditions.  If  the  work  is  being  done  in  winter  weather,  it  is  preferable  to  lay  the  floor  fill  first,  thus  obviating  any 
possible  damage  to  plaster  ceilings  below  through  dampness  and  freesing.  In  summer  work  this  element  is  not 
present  and  if  due  precaution  is  taken  not  to  permit  the  tamping  of  the  fill  into  place  to  break  the  plaster  bond  be- 
low, then  the  {Mastering  should  be  completed  first. 

Another  consideration  which  sometimes  holds  the  determining  value,  if  viewed  from  the  standpoint  of  ecoii- 
omy,  lies  in  the  sise  of  the  various  rooms  in  which  the  floor  is  to  be  divided.  If  the  spaces  are  small  and  badly  out 
np,  then  it  will  be  found  much  cheaper  to  lay  the  fill  and  finish  as  a  loft  floor  holding  back  the  dividing  partitiona 
and  plastering  for  the  next  operation. 

In  the  construction  of  floor  systems  each  level  should  be  completed  in  itself  as  far  as  possible  before  proceedins 
to  the  next,  only  such  open  spaces  being  left  behind  as  are  absolutely  unavoidable.  If  the  lower  stories  are  to  be 
devoted  to  oonstruction  driveways  and  to  temporary  storage  of  materials,  the  arches  should  be  first  installed  and 
then  planked  for  protection.  It  is  not  advisable  to  plank  first  and  depend  upon  getting  the  arches  in  at  a  later  and 
more  convenient  date.  That  time  will  never  come  and  will  only  result  in  throwing  the  entire  building  out  of  se- 
quenoe  and  ulep.    The  same  holds  true  as  well  for  upper  levels. 

Floor  finishea  of  wood,  cork,  rubber,  linoleum,  etc.,  should  never  be  laid  until  all  danger  of  dampness  from 
plaster  or  floor  fill  has  been  eliminated.  A  small  piece  of  roofing  felt  or  building  paper  laid  upon  the  floor  fill  and 
sealed  against  the  action  of  the  air  with  a  non-absorbent  material,  will  upon  inspection  a  few  days  later  disclose 
the  amount  of  dampness  then  prevalent  in  the  building.  This  is  a  simple  test  and  should  be  made  use  of  before 
proceeding  to  install  expensive  floor  finishes. 
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CONSTRUCTION  IN  WOOD 

By  Henbt  D.  Dewell 

Many  of  the  features  of  the  contractor's  plant  for  the  construction  of  a  timber-framed 
building  will  be  the  same  as  for  the  erection  of  a  building  with  steel  or  reinforced  concrete 
frame.  For  example,  it  should  be  obvious  that  in  all  construction  jobs  there  should  be  an 
orderly  arrangement  of  plant  with  proper  facilities  for  receiving,  checking,  and  storing  material, 
also  for  delivering  the  material  from  the  general  storage  yard  to  the  various  points  of  fabrication. 
The  detail  method  for  accomplishing  this  work  will  depend  largely  upon  the  size  and  character 
of  the  building.  Further,  it  is  hardly  necessary  to  state  that  some  simple  method  should  be 
put  in  force  for  keeping  the  cost  of  the  various  parts  of  the  work.  These  remarks  may  appear 
to  be  commonplace.  Unfortunately,  there  is  a  tendency,  when  dealing  in  timber  construction, 
to  be  careless  in  both  arrangement  and  character  of  work. 

49.  Storage  of  Material. — In  the  case  of  a  concrete  building,  since  the  lumber  for  forms 
is  only  used  temporarily,  no  particular  provision  for  preventing  incipient  decay  or  rot  need 
ordinarily  be  taken.  On  the  other  hand,  for  permanent  timber  construction,  all  lumber 
when  received  on  the  job,  should  be  immediately  protected  from  the  weather  and  also  from 
contact  with  the  ground.  Timber  when  in  contact  with  the  ground  may  soon  become  infected, 
with  the  result  that  disease  will  start  and  may  continue  after  incorporation  of  the  timber 
with  the  building,  if  conditions  are  favorable  to  growth  of  fungi. 

All  lumber  should  be  segregated  into  the  various  sisee  and  lengths,  and  carefully  piled  on  firm  level  foundations 
with  supports  at  intervab  not  exceeding  4  ft.  If  unseasoned,  the  lumber  should  be  "stuck, "  i.e.,  the  pieces  in  any 
one  layer  separated  by  a  1-  or  2-in.  air  space,  and  each  layer  separated  from  the  upper  and  lower  layers  by  means  of 
14n.  cleats.  In  "sticking,"  care  must  be  exercised  to  see  that  the  "sticks"  or  cleats  are  placed  directly  over  the 
foundation  sills  throughout  the  pile;  otherwise,  the  timbers  will  be  warped.  Finally,  a  temporary  roof  should  be 
constructed  over  each  pile,  the  roof  projecting  a  foot  or  two  over  the  sides  and  ends  of  the  pile.  The  best  lumber 
can  easily  be  ruined  by  careless  piling  and  exposure  to  sun  and  rain,  and  any  warping  results  in  increased  cost  of 
framing. 

All  iron  work,  such  as  truss  rods,  castings,  washers,  plates,  etc.,  should  be  arranged  in  neat  piles  and  plainly 
labelled.  Bolts  should  be  segregated  into  the  varioiis  diameters  and  lengths  and  placed  in  a  bolt  rack,  with  each 
sise  and  length  numbered. 

50.  Working  Details. — Working  or  field  details  should  be  provided  for  all  timber  construct- 
ion. This  statement  applies  particularly  to  those  buildings  involving  roof  truss  construction. 
Very  few  plans  for  timber-framed  buildings  give  full  and  sufficient  details  of  all  connections. 
This  practice  results,  in  part  at  least,  from  the  common  procedure  in  the  preparation  of  plans 
for  steel-framed  buildings,  where  the  designer  prepares  oi\ly  "contract  plans"  and  relies  upon 
the  contractor  to  furnish  "shop  details"  for  approval.  When  such  a  designer  has  a  timber- 
framed  building,  he  works  along  the  same  lines,  preparing,  as  usual,  the  "contract  plans," 
and  the  "shop  details,"  if  any,  are  comprised  in  the  contractor's  drawings  of  the  incidental 
steel  work. 

Time  and  money  will  be  saved  in  all  timber-framed  construction,  except  the  very  smallest  and  simplest,  if  full 
working  details  are  prepared.  These  details  should  include  an  erection  plan,  details  of  all  joints,  cutting  lengths 
of  all  timbers,  details  of  all  metal  work,  lengths  and  diameters  of  rods  and  bolts,  etc.  Letters  and  numbers  should 
be  placed  on  the  plans  for  all  members,  and  a  complete  detailed  list  of  materials  made  with  the  letters  and  numbers 
repeated  from  the  plans.  The  different  materials  in  the  storage  yard  should  then  be  designated  with  the  same 
markings,  so  that  a  workman  can  instantly  find  any  piece  of  material  shown  on  the  plans. 

61.  Methods  of  Construction. — Two  methods  of  construction  may  be  mentioned:  (1) 
fabricating  all  material  before  erection  is  started,  and  (2)  erecting  material  as  fast  as  it  is  fabri- 
cated. The  second  method  is  preferable  as  it  enables  the  contractor  to  realise  on  his  work  at 
the  earliest  possible  moment. 

In  any  event,  the  first  floor  should  be  constructed  as  soon  as  possible,  with  the  rough  floor 
in  place,  in  order  that  all  trusses,  posts,  etc.  may  be  laid  out  and  fabricated  on  the  floor.  A 
smooth,  level  floor  is  preferable  for  such  purpose  to  any  fabricating  platform  that  can  be 
constructed. 
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The  center  lines  or  outnde  lines  of  trusses  should  be  laid  out  on  the  floor  to  actual  sises.  Sometime  tem- 
plates of  all  timber  members  are  constructed  and  the  actual  members  cut  directly  from  these  patterns.  In  other 
cases,  no  templates  are  made,  but  the  members  are  cut  from  the  figured  dimensions  or  the  dimensions  scaled  from 
the  full  sise  layout.  The  template  method  is  to  be  recommended.  It  may  seem  an  unnecessary  expense,  but 
will  avoid  many  mistakes  of  cutting  members  too  short,  cutting  daps  at  the  wrong  places,  etc 

In  laying  out  a  truss,  the  outside  lines  of  timbers  should  be  used  as  working  lines,  and  all  dimensions  figured 
from  them.  For  example,  given  a  lower  truss  chord  12  in.  deep,  with  diagonals  framing  into  the  upper  side  to 
various  depths,  as  ^  in.,  1  in.,  etc.  Instead  of  measuring  such  cuts  from  the  upper  side,  the  measurements  should 
be  made  from  the  lower  side.  This  will  take  care  of  all  variations  in  width  of  the  timber  chord  and  will  enable 
all  similar  diagonals  to  be  cut  to  the  same  length. 

52.  Camber  in  Trusses. — Most  specifications  for  timber  trusses  call  for  camber  to  be 
given  to  the  trusses.  This  camber  is  usually  specified  in  terms  of  camber  per  linear  foot  of 
truss,  as  H  in.  for  every  10  ft.  of  span.  Camber  in  ordinary  roof  trusses  is  usually  introduced 
by  springing  the  chords  on  the  fabricating  platform  to  approximate  arcs  of  circles  and  cutting 
the  diagonals  to  fit.  In  other  instances,  especially  in  small  trusses,  the  trusses  are  framed  with 
straight  chords,  and  joints  left  somewhat  loose,  and  the  whole  truss  then  given  an  approximate 
camber  by  tightening  the  rods.  Such  a  method,  it  is  obvious,  does  not  give  a  real  camber  to 
the  truss,  and  if  the  truss,  after  erection,  retains  any  of  this  so-called  camber,  it  is  due  solely  to 
the  restraining  action  of  the  posts  or  walls.  If  true  camber  is  to  be  introduced  in  a  truss,  the 
members  must  be  cut  accordingly,  and  all  joints  made  tight  before  erection  of  the  truss. 

69.  Equipment — The  question  of  amount  of  machinery  and  tools  can  only  be  determined 
by  the  character  and  size  of  the  job.  In  general,  it  will  always  pay  to  provide  sufficient  tools, 
and  power  machinery  will  save  much  labor.  However,  more  than  one  job  has  been  a  loss  on 
account  of  too  great  an  investment  in  plant. 

When  there  is  much  boring  to  be  done,  power  drills  should  be  installed.  These  are  of  two  kinds,  electric  and 
air  drills.  Of  the  two,  the  latter  are  the  more  satisfactory,  but  in  many  jobs  the  contractor  wUl  hesitate  to  install 
the  neoessary  air-compressor  plant.  Electric  drills  are  preferable  to  hand  boring,  but  are  heavy  and  somewhat 
cumbersome.  Many  of  them  operate  on  but  one  speed  and  do  not  reverse.  With  such  drills,  difficulty  will  be 
experienced  in  driving  long  holes,  since  the  drill  will  tend  to  stick,  and  the  drill  must  be  constantly  and  expertly 
fed  into  the  hole. 

A  small  cross-cut  and  ripping  saw  may  well  be  installed  on  jobs  of  some  sise,  especially  where  there  is  much 
duplication  of  tyjucal  members. 

64.  Erection. — Hand  power  is  the  most  expensive  that  can  be  used  for  erection.  In  build- 
ings involving  truss  work,  some  form  of  traveller  or  derrick  should  be  installed,  even  if  only 
operated  by  a  hand  winch.  It  is  hardly  necessary  to  state  that  the  work  should  be  so  arranged 
that  once  erection  has  started  it  can  be  carried  on  continuously.  All  fabrication  of  members 
should  be  done  as  completely  as  is  possible  on  the  ground,  leaving  the  least  amount  of  work  to 
be  done  after  hoisting. 


STONE  WORK 
By  a.  G.  Moulton 

The  term  masonry  as  referred  to  building  construction,  generally  implies  stone  or  brick 
work  only,  and  is  quite  distinctive  from  cement  work,  fireproofing,  plaster,  or  marble,  each  of 
which  is  treated  under  separate  specifications  despite  their  requirement  of  the  trowel  as  a  com- 
mon tool. 

66.  Use  of  Building  Stones  and  Stone  Masonry. — ^The  use  of  stone  masonry  for  foundation 
walls  and  piers  below  grade  is  now  seldom  met  with,  the  more  economical  material — concrete — 
having  displaced  it  with  the  rapid  building  up  of  our  cement  industry.  Above-grade  stone  is 
now  used  largely  for  ornamental  purposes.  Beginning  with  the  field  stones  and  boulders  used 
in  garden  wall  and  residence  work,  and  carrying  through  to  the  higher  ornamental  and  carved 
marble  employed  in  our  more  ornamental  buildings,  all  kinds  of  quality  of  stone  masonry  will 
be  encountered  by  the  builder.  The  limestones,  sandstones,  and  granites,  however,  are  those 
most  commonly  used  for  exterior  facings. 
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In  localities  oonvenient  to  the  quarries,  it  is  not  uncommon  in  wall  bearing  stnietures  to  run  up  the  entire  thick- 
ness of  the  wall  in  stone,  bedding  furring  strips  at  proper  intervals  for  cross-furring  and  lath  to  be  applied  later  on 
the  inside  face.  If  the  stone  is  not  a  local  product  and  freight  enters  into  the  cost,  then  it  is  more  usual  to  reduce 
its  thickness  to  that  minimum  required  for  its  use  as  a  veneer,  and  to  bring  up  the  wall  to  its  full  structural  strength 
and  thickness  by  a  backing  of  brick  work  or  other  product  of  the  kiln.  For  use  on  skeleton  constructed  buildings, 
where  minimum  construction  weights  are  such  a  determining  factor,  its  use  as  a  veneer  is  the  only  one  practicable, 

56.  Preventing  Stains  on  Stone  Work. — When  cement  mortar  is  used  as  a  bedding,  extreme 
care  should  be  taken  to  select  only  such  materiab  as  will  insure  freedom  from  stain  working  out 
and  disfiguring  the  face.  Many  so-called  nonstaining  cements  are  now  on  the  market  and  are 
used  for  this  purpose.  The  use  of  dirty  sand  may  be  as  fully  disastrous  as  a  poor  selection  of 
cement  and  should  be  guarded  against.  Other  protections  against  stain  on  the  face  are  obtained 
through  back  painting  with  an  asphaltum  paint,  or  by  plastering  with  a  trowel  coat  of  nonstaining 
cement  mortar  after  the  stone  has  been  set  and  before  backing  up.  Either  or  both  of  these 
methods  is  particularly  essential  if  the  backing  is  carried  up  in  common  cement  mortar.  Lime- 
stones are  the  easiest  to  stain,  and  when  working  with  them,  the  most  careful  supervision  should 
be  accorded  if  good  results  are  to  be  obtained. 

67,  Setting  Stone  Work. — The  equipment  for  setting  stone  work  varies  with  the  type  of 
building  and  the  quantity  of  work  involved.  For  rubble  walls,  either  random  or  course,  no 
particular  equipment  or  plant  will  be  required  except  for  scaffolding  to  keep  the  mason  abreast 
with  his  work,  and  stone  barrows  for  delivering  the  stone  within  reach.  An  *A"  frame  for 
handling  large  sills  or  lintels  may  be  useful.  For  course  work  where  the  size  of  the  individual 
pieces  exceeds  the  capacity  of  the  mason  and  his  helper  to  handle  individually,  the  "A"  derrick 
with  hand  winch  or  drum  is  usually  resorted  to  for  all  walls  not  exceedintf^three  stories  in  height. 
When  supplied  with  a  good  firm  nm  plank,  it  is  rapidly  shifted  from  poini*^i  to  point  and  but  two 
back  guys  are  required,  composed  of  one  continuous  piece  of  line  running  'through  three  single 
sheave  blocks,  the  two  outer  ones  of  which  are  attached  to  the  head  of  the  df^rrick,  the  center 
riding  in  the  bight  of  the  line,  and  will  be  attached  to  some  convenient  poin^at  the  foot  of 
the  derrick  by  means  of  a  small  watch  tackle.  The  two  outer  ends  of  the  line  fonping  t^©  gU3^ 
are  attached  to  suitable  anchorage,  a  suitable  sufficient  distance  back  from  the  foot  otf  *^®  derrick 
to  overcome  any  tendency  to  kick,  and  sufficient  spread  to  avoid  constant  changp^K  as  *^® 
derrick  is  moved  along  the  face  of  the  work.  By  manipulating  the  watch  tackle,  one  Sp**^  **  *^® 
foot  of  the  derrick  can  control  its  action  at  all  times. 

68,  Handling  Stone. — Stones  are  picked  up  by  the  "Lewis"  anchor  or,  where  the  \^^^ 
holes  would  be  objectionable  such  as  in  sills,  by  means  of  stone  dogs  and  tongs.  One  maV®"^  ^^^ 
three  riggers  constitute  the  usual  crew  for  such  a  derrick.  Special  dowel  and  anchor  liP^®*  ^^^ 
inserting  metal  ties  to  bind  in  with  the  backing  are  generally  cut  in  the  field,  and  for  this  p 
one  or  more  cutters  will  be  required  on  a  job  of  any  size.  They  will  also  be  required  for  SP^T*^ 
and  back  checking  to  overcome  unusual  conditions  impossible  to  foresee  at  time  of  deta 
For  high  buildings,  exceeding  three  stories,  boom  derricks  are  usually  depended  upon.  \  ^^ 
skeleton  construction,  the  Chicago  type  of  boom  is  used  and  a  sufficient  number  instaiV®^ 
to  swing  the  entire  frontage  that  is  to  be  set.  They  should  be  hung  as  high  up  on  the  siP® 
work  as  possible  without  getting  in  the  way  of  the  steel  erectors,  thus  minimizing  the  nuiri 
of  jumps  required  to  complete  the  entire  front.  To  await  the  final  completion  of  steel  W( 
and  then  set  derricks  on  the  roof,  injects  needless  delay  in  the  building's  construction,  ij**. 
should  not  be  considered.  The  power  applied  may  be  mechanical — supplied  by  steam  or  elocl 
hoists — or  it  may  be  manual,  obtained  through  the  aid  of  hand  winches  or  windlasses  set  on 
floor  at  the  level  of  the  derrick.     For  most  work,  the  mechanical  power  is  more  desirable. 

For  wall  bearing  structures  exceeding  in  height  the  range  of  the  "A"  type  derrick,  recourse  is  had  to  bol 
derricks  set  on  platforms  elevated  by  means  of  suitable  towers.  Such  derricks  will  generally  be  set  within  the  bui] 
ing  lines  and  will  be  used  in  common  by  other  trades  whose  work  is  dependent  upon  the  progress  of  the  walls. 

On  colonnades  and  other  monumental  fronts  of  sufficient  length  to  warrant  it,  a  device  known  as  a  "  travelt] 
mounted  on  trucks  and  rails  parallel  to  the  building  front,  may  be  found  useful.     In  effect,  this  device  is  an  clcvat' 
moving  platform,  self-sustained,  on  which  is  mounted  one  or  two  stiff-leg  derricks  with  revolving  booms,     t] 
dimensions  on  such  a  traveler  are,  of  course,  dependent  on  the  range  of  work  to  be  covered. 

Inasmuch  as  the  progress  possible  is  directly  proportionate  to  the  number  of  setters  employed,  it  has  been  fou] 
convenient  on  high  buildings,  where  the  element  of  time  it  a  governing  one,  to  dispense  with  the  Chicago  booi 
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whieh  do  not  operate  advantageously  on  closer  than  dO-ft.  centers,  and  substitute  therefor  the  short  "A"  frame 
type,  worldnc  from  the  inside  and  setting  out.  These  used  in  conjunction  with  chain  falls  permit  the  use  of  a  setter 
on  each  and  every  pier,  if  necessary,  and  very  rapid  headway  is  thus  accomplished.  For  this  purpose  the  unset 
stones  are  hoisted  to  the  various  floor  levels  by  large  boom  derricks,  either  as  individual  stones,  if  they  are  large, 
or  in  stone  boats  if  they  run  to  smaller  sises.  They  are  then  sorted  on  the  floor  and  trucked  or  rolled  out  to  the 
particular  panels  in  which  they  are  to  be  set,  and  there  picked  and  dropped  by  the  small "  A  "  derricks  to  their  final 
resting  place. 

59.  Pointing  Stone  Work. — Stone  work  as  a  rule  is  not  pointed  as  it  is  set.  That  operation 
is  handled  in  conjunction  with  the  cleaning  down  after  the  work  has  all  been  set  out.  Exterior 
hanging  scaffolds  are  used,  and  starting  at  the  top  the  work  is  thoroughly  washed  with  clear 
water  and  stiff  brushes.  Although  the  use  of  washing  powders  is  permissible,  the  practice 
of  using  acid,  even  in  weak  solutions,  on  any  kind  of  stone,  should  be  seriously  condemned. 
All  drippings,  particularly  on  sills  and  projecting  courses,  should  be  cleaned  off  and  all  wooden 
wedges  inserted  by  the  setters  should  be  removed.  On  limestones,  a  dry  brushing  with  stiff 
wire  brushes  gives  good  results. 

The  pointing  should  only  then  be  completed,  using  that  t3rpe  of  joint  selected,  excessive 
care  being  exercised  to  see  that  the  pointing  mortar  is  shoved  well  back  into  the  open  joint  U^ 
provide  proper  key. 

60.  General  Precautions. — An  observance  of  the  following  points  will  be  found  beneficial: 

All  lug  sills  should  be  bedded  on  ends  only,  leaving  full  clearance  through  entire  length  between  jamb  lines. 
All  metal   anchors,  other  than  those  composed  of  brass  or  copper,  should  be  thoroughly  painted  with  some 
mat  resisting  preservative  before  inserting  in  the  stone. 

Overhanging  courses  should  be  provided  with  temporary  support  from  below  until  sufficient  weight  of  wall 
has  been  applied  above  to  prevent  tipping  out. 

Ail  projecting  courses  and  finished  horizontal  surfaces  should  be  boxed  and  protected  until  danger  from  falling 
materials  above  has  ceased. 

Clean  white  sand  only  should  be  used  in  the  mortar. 

Stone  should  not  be  laid  in  freesing  or  frosted  weather.  If  the  work  must  go  ahead,  then  all  known  precau- 
tions should  be  taken,  otherwise  spoiling  of  the  face  will  result. 

Vertical  joints  in  coping  sills  and  projecting  courses  should  be  pointed  full  depth  or  grouted  to  give  a  com- 
plete seal  against  the  weather. 

When  piling  stone  in  the  sorting  yard,  on  the  floor,  or  on  the  scaffolds,  a  firm,  clean  foundation  should 
be  provided  and  all  setting  identification  marks  exposed,  so  that  the  different  pieces  may  be  quickly  recognised  and 
obtainable  without  extra  handling. 

The  endeavor  should  be  made  to  have  the  work  backed  up  as  far  as  set  out  before  leaving  it  for  the  night. 

Carving  may  be  done  either  before  or  after  setting.  On  large  panels  built  up  from  small  pieces,  best  results 
will  be  obtained  by  carving  in  place.  There  may  also  be  considerable  time  saved  by  this  latter  method,  thus  com- 
pensating for  the  expense  of  scaffolds  and  protection  to  the  carvers  which  otherwise  would  not  be  required  at  the 
building. 


BRICK  WORK 

By  a.  G.  MouiyroN 

Bricks  in  one  shape  or  another  are  common  to  nearly  every  type  of  building  construction. 
They  are  used  for  structural  as  well  as  ornamental  purposes.  Used  structurally  as  in  bearing 
walls,  it  is  seldom  that  the  masonry  will  exceed  21  in.  in  thickness.  From  that  down  to  8  in. 
is  the  usual  run  of  the  work  for  the  wall  proper,  with  a  4  or  8^in.  pilaster  added  to  points  where 
load  is  applied. 

61.  Location  of  Mortar  Supply. — The  mortar  box,  or  mechanical  mixer,  as  the  case  may  be, 
should  be  set  up  so  as  to  average  the  wheeling  distance  so  far  as  possible  to  all  points  of  the  work 
proper.  Its  location  also  should  be  convenient  for  the  delivery  and  storage  of  the  dry  ingre- 
dients and  also  close  to  the  water  supply. 

Under  ordinary  conditions  and  where  not  over  12  masons  are  employed,  hand-mixed  mortar  will  be  the  most 
economical.  Where  from  12  to  20  masons  are  employed,  either  hand  or  machine  mixed  is  equally  good.  For  more 
than  20  masons,  a  machine  mixer  of  the  continuous  type  will  give  the  best  results. 

62.  Bonding  Face  to  Backing. — For  enclosing  walls,  the  outer  4  in.  may  be  carried  up 
with  a  so-called  face  brick  to  obtain  the  desired  architectural  effect.     The  bond  between  the 
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face  and  balance  of  the  wall  is  accomplished  in  one  of  many  ways  and  is  generally  a  matter 
determined  by  the  specifications. 

63.  Scaffolding. — For  stories  of  ordinary  height,  a  horse  scaffold,  composed  of  the  familiar 
4}4-ft.  mason  horse  and  5-plank  deck,  will  be  found  the  most  convenient.  Two  sets  high  of 
this  construction  is  the  practical  limit,  however,  except  for  short  stretches.  Hence,  when  walls 
exceeding  14  ft.  between  floor  levels  are  encountered,  it  will  be  best  to  use  the  putlog  scaffold 
composed  of  one  line  of  upright  supports  at  convenient  centers  (approximately,  7  ft.)  set 
parsJlel  and  6  ft.  from  the  face  of  the  work.  Cross  supports  are  attached  thereto  with  inner 
ends  bearing  4  in.  on  the  wall  and  upon  which  the  deck  planking  is  laid.  As  this  scaffold  is 
dismantled,  the  putlog  holes  are  filled  up  by  the  mason.  This  type  of  scaffold  properly  cross- 
braced  will  answer  for  almost  any  height  of  wall. 

For  face  work,  it  is  desirable  to  provide  an  outside  scaffold  if  beet  results  are  to  be  insured,  and  particularly 
if  a  different  kind  of  mortar  is  used  on  the  face  work  from  that  used  on  the  backing.  All  joints  on  face  work  should 
be  struck,  pointed,  or  raked  out,  according  to  the  chosen  design  as  the  work  proceeds  and  all  backing  should  be 
topped  out  level  with  the  face  work,  and  the  wall  provided  with  temporary  covering  for  weather  protection  before 
suspending  for  the  day. 

64.  Swinging  Scaffolds. — For  steel  frame  buildings,  the  patent  swinging  scaffold  has 
become  almost  indispensable.  Outriggers  are  projected  along  the  face  of  the  wall  from  the 
highest  point  available  on  the  steel  frame.  These  in  turn  support  the  scaffold  machines, 
which  are  essentially  small  cast-iron  drums  actuated  by  trailing  hand  rope  through  the  medium 
of  worm  gear  and  sheave.  Wire  cables  attached  to  and  suspended  from  the  drums  carry  the 
scaffold  proper.  The  cable  capacity  of  the  drums,  usually  125  ft.,  determines  the  height  the 
scaffold  may  be  raised  without  resetting  the  outriggers  and  machines.  The  hand  control  ropes 
being  of  equal  length  to  suspension  cables,  are  always  in  reach  of  the  scaffold  men,  who  are 
constantly  patrolling  same  and  keeping  it  abreast  of  the  walls  and  to  the  best  advantage  of  the 
mason.  Overhead  protection,  in  the  shape  of  light  decking,  should  be  provided  on  all  such 
scaffolds  whenever  other  trades  are  working  at  higher  levels.  The  outer  edge  of  the  scaffold 
should  be  protected  with  a  guard  rail  and  light  fence  of  poultry  netting  together  with  toe 
board. 

On  high  buildings  it  has  been  found  entirely  practicable  to  keep  the  exterior  walls  within  two  stories  of  the 
finished  floors  at  all  times,  providing  all  necessary  materials  have  been  properly  scheduled  for  delivery  as  required. 

If,  due  to  unusual  conditions,  a  delayed  start  is  made  necessary  on  the  walls  whereas  the  steel  frame  and  arches 
have  kept  to  normal  progress,  the  gap  thus  produced  can  be  closed  by  putting  out  a  second  scaffold  at  a  higher  level 
and  working  from  both  concurrently.  To  do  this  successfully,  however,  requires  ample  and  well  laid  out  hoisting 
facilities,  so  that  no  delay  wiU  ensue  to  the  different  sets  of  masons  through  waiting  for  materials. 

66.  Serving  Materials  to  Masons. — The  proper  serving  of  materials  to  the  mason  while 
working  from  scaffolds  is  one  of  the  most  important  factors  to  be  watched.  A  scaffolding  should 
be  arranged  so  that  the  brick  can  be  wheeled  from  the  stock  pile  on  the  floor  and  by  one  transfer 
taken  from  the  barrow  and  laid  at  the  mason's  feet.  This  arrangement,  however,  should  not 
be  at  the  expense  of  a  heavy  pull  up  a  steep  incline  or  runway.  Under  such  conditions,  two 
passes  of  the  brick  are  to  be  preferred.  Beyond  this  point,  the  brick  hod  must  be  depended 
upon.  By  keeping  an  even,  constant  flow  of  brick  to  the  mason,  not  crowding  up  on  him  so 
as  to  restrict  his  foot  space  on  the  scaffold,  and  by  keeping  the  tray  always  full  of  mortar, 
is  the  best  way  to  insure  satisfaction  in  the  ranks  and  promote  consistent  output. 

66.  Material  Elevators. — Brick,  mortar,  and  other  materials  entering  into  the  construc- 
tion are  elevated  to  the  various  working  floors  by  means  of  platform  hoists  running  up  through 
temporary  hatchways  left  in  the  floors,  or  in  towers  erected  on  the  outer  face  of  the  work. 
Single  platforms  with  capacity  for  two  wheel  barrows  at  a  time  are  favored  over  the  up-and- 
down  type  with  one  barrow  to  the  load,  because  of  the  greater  traveling  speed  obtainable. 
From  800  to  1000  ft.  per  minute  is  possible  with  the  former  tjrpe,  and  a  greater  margin  of 
safety  is  provided  for  the  operators.  It  is  needless  to  say  that  riding  on  material  hoists  is  an 
extremely  dangerous  practice  and  should  not  be  permitted  under  any  condition.  For  buildings 
over  12  stories  high,  it  is  customary  to  provide  a  temporary  passenger  elevator  for  the  conveni- 
ence of  the  workmen.    This  is  generally  erected  in  one  of  the  permanent  elevator  shafts,  using 
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one  of  the  permanent  machines  for  motive  power.  On  very  high  buildings  where  it  will  be 
impracticable  to  wait  for  completion  of  machine  supporting  steel,  a  temporary  basement  type 
machine  is  used. 

67.  Progress  of  Work. — The  average  story  of  front  brick  or  terra  cotta,  or  a  combination 
of  both,  will  be  run  up  in  about  10  hr.  work,  or  about  43^  stories  a  week.  Under  more  favorable 
conditions,  a  story  per  day  has  been  accomplished. 

Ab  Boon  as  the  front  has  been  topped  out.  the  patent  scaffold  should  be  removed  and  the  cleaning  scaffold  swung 
out.  Ordinarily  it  is  not  practicable  to  set  the  lookouts  for  handling  scaffolds  so  that  they  may  be  utilised  for  the 
cleaning  down  prooeas  aa  well.  However,  that  possibility  should  be  studied  and  taken  advantage  of  whenever 
advisable. 


MECHANICAL  TRADES 
By  a.  G.  Moulton 

68.  Sequence  of  Trades  on  Building  Operations. — The  proper  time  for  the  pipe  trades  to 
take  up  their  work  on  a  building  will  quite  naturally  vary  with  the  character  of  the  structure. 
Generally  speaking,  it  must  be  at  such  a  time  as  will  preclude  any  possible  delay  in  the  starting 
of  other  trades,  and  they  should  also  be  worked  in  so  that  a  minimum  of  cutting  and  patching  is 
provided  for. 

69.  Plumbing  Work. — Freedom  of  working  space  and  plenty  of  daylight  in  which  to  run 
pipe  work  are  excellent  factors  in  keeping  down  costs.  For  this  reason  it  will  be  found  desirable 
to  run  in  risers,  such  as  plumbing,  steam,  electric  and  ventilating,  just  as  soon  as  the  supporting 
frame  work  of  the  building  becomes  available.  On  the  same  theory,  horizontal  lines  and  bran- 
ches, such  as  suspended  sewers,  soil  lines,  steam  mains,  etc.,  will,  if  withheld  on  installation 
until  floor  arches  are  in,  call  for  noticeably  higher  labor  costs  than  if  they  were  himg  in  the  open 
immediately  afte^  beams  are  in  place. 

Vertical  soU  lines,  down  spouts,  sprinkler  risers,  steam  and  return  lines,  deotric  feeder  conduits,  etc.,  if  run 
ahead  of  the  arches  will  always  be  reflected  in  a  lessened  cost  to  the  building  as  a  whole,  although  in  individual  cases 
some  of  the  above  piping  trades  may  be  put  to  slightly  additional  expenses  in  providing  necessary  scaffolding  to 
insure  the  safety  of  the  workmen.     The  real  saving  comes  in  the  cutting  and  patching  which  Lb  thereby  obviated. 

In  following  this  method  of  advanced  pipe  work,  thorough  supervision  must  be  given  by  the  interested  parties 
throughout  the  time  that  centering  and  arch  construction  proceeds,  to  see  that  the  various  risers  are  kept  in  proper 
alignment,  and  that  all  required  sleeves  are  in  proper  idace  and  at  correct  levd  before  they  are  permitted  to  be  built 
in. 

70.  Importance  of  Pipe  Drawings. — In  order  to  take  the  fullest  advantage  that  the  situa* 
tion  offers,  it  will  be  seen  that  all  pipe  sketches  will  have  to  be  worked  up  and  cut  out,  all  main 
and  branch  lines  detailed  and  fittings  ordered,  and  such  other  items  as  hangers,  expansion  sleeves, 
panel  and  cut-out  boxes,  special  valves,  etc.,  be  arranged  for  on  specified  delivery  dates  to 
insure  their  availability  within  the  very  limited  time  that  exists  between  the  time  the  structural 
frame  work  of  the  building  is  ready  to  receive  them  and  the  following  on  with  the  arch 
construction. 

71.  Advantages  of  Plumbing  in  the  Open. — In  addition  to  the  economies  of  installation, 
there  is  another  very  pressing  need  for  advancing  the  roughing  period  of  the  plumbing  installa- 
tion to  the  greatest  extent.  Most  municipalities  require  a  specified  test  for  tightness  on  all 
sanitary  lines  before  their  concealment.  This  means  that  the  minimum  number  of  stories  which 
can  be  tested  at  one  time  sets  the  distance  which  the  interior  partitions  and  furring  must  be 
kept  back  of  its  normal  positon,  which  ordinarily  is  immediately  following  the  exterior  wall 
enclosures.  If  the  plumbing  installation  has  been  advanced  so  that  a  sectional  test  is  had  at 
about  the  time  the  fourth  or  fifth  floor  arches  arc  built,  then  no  delay  will  ensue  and  the  prog- 
ress of  the  entire  building  has  been  benefitted. 

With  the  vertioal  lines  and  main  branches  out  of  the  way,  the  mechanical  trades  will  be  in  the  most  favorable 
position  to  take  up  the  lesser  branches,  run  outs  and  circuits,  either  in  conjunction  with  or  directly  following  the 
arch  eonstruotion,  depending  upon  whether  the  design  provides  for  the  embedment  of  pipes  in  the  arches  or  Id 
a  fin  supported  by  the  arches. 
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72.  Work  in  Conjunction  with  Floor  Construction* — The  steamfitter  has  his  radiator 
branches  to  run  at  this  time.  The  electrician,  in  addition  to  his  floor  circuits,  should  lay  out 
and  install  the  conduit  for  all  outlets  and  switch  legs,  and  any  other  work  which  later  will  be 
concealed  in  partitions,  column  covering,  and  furring.  The  plumber  will  be  roughing  in  the 
supply  vent  and  soil  lines  for  sanitary  fixtures.  The  somewhat  common  practice  of  allowing 
tile,  partitions,  furring,  etc.,  to  be  erected  in  advance  of  pipe  work,  later  to  be  cut  or  chased 
out  for  its  reception,  has  little  merit  other  than  the  relief  it  affords  the  mechanical  trades  from 
the  responsibility  of  laying  out  their  own  work,  and  therefore  should  not  be  permitted. 

78.  Finishing  Plumbing,  Steam,  and  Electrical  Work. — The  proper  finishing  period  for  the 
three  mechanical  lines  which  we  have  been  following,  and  which  would  include  radiators,  valves, 
heat  controlling  devices  and  pipe  covering  for  the  steamfitter,  sanitary  fixtures  and  trimmings 
for  the  plumber,  and  panel  boards,  receptacles,  switches,  switch-plates  and  wire  for  the  electri- 
cian, will  naturally  take  their  normal  sequence  after  completion  of  finished  fioor,  plaster,  and 
marble  work. 

On  buildings  and  structures  where  the  pipe  work  and  conduits  are  not  required  to  be  concealed,  then  a  latrr 
start  is  not  only  permissible  but  will  probably  be  desirable.  There  as  above,  however,  the  cutting  and  patching 
feature  and  its  elimination  should  be  the  guide. 


ELEVATOR  AND  STAIR  WORK 
By  a.  G.  Moulton 

74.  Value  and  Importance  of  Early  Installation  of  Elevators  and  Stairs. — Two  important 
trades,  both  of  which  should  be  placed  on  the  work  at  an  early  date,  are  those  concerned  with 
elevators  and  stairs. 

Elevator  guide  brackets  should  be  available,  so  that  they  may  be  installed  and  followed  by 
the  guides  themselves  within  a  period  but  a  few  days  longer  than  that  required  to  build  the 
supporting  steel  work  of  the  building.  This  is  particularly  true  of  lofty  buildings,  where  it  is 
customary  practice  to  have  the  elevator  machines  prepared  in  time  to  be  hoisted  by  the  steel 
erector's  derricks  to  the  machine  room  level  just  before  they  are  closed  in  for  dismantling. 
Thus,  with  machines  in  place,  and  guides  erected,  temporary  cars  for  freight  and  passenger 
service  may  be  depended  upon  almost  as  soon  as  the  roof  of  the  building  has  been  enclosed. 

If,  during  the  time  the  platforms  are  being  assembled  and  connected  up,  the  elevator  shafts  can  be  plastered, 
this  should  be  done,  even  at  the  expense  of  some  little  inconvenience  and  disarrangement  of  other  trades.  Not 
to  accept  the  opportunity  at  that  time  will  unfailingly  cause  the  forced  suspension  of  elevator  service  at  some  later 
date,  when  it  can  be  least  afforded,  in  order  to  go  back  and  finish  the  shaft  walls. 

In  order  to  start  guide  work  before  completion  of  steel,  two  or  more  set  of  templates  will  have  to  be  made;  and 
in  such  oases  it  wiU  be  necessary  to  guarantee  to  the  elevator  constructor  the  alignment  of  all  steel  work  surrounding 
the  shafts,  the  greatest  .variation  permissible  being  agreed  upon  and  arranged  for. 

On  high  buildings,  open  and  direct  access  by  means  of  stairs  to  the  various  floor  levels  is  a  very  important  fao- 
tor.  Not  only  is  the  safety  of  the  workmen  involved,  but  a  tremendous  amount  of  time  otherwise  lost  to  employees 
can  be  accounted  for,  as  against  when  ladders  or  other  makeshift  means  are  depended  upon. 

76.  Erection  of  Iron  Stairs. — Ordinarily,  for  high  steel  buildings,  iron  stairs  are  specified. 
Treads  and  platforms  may  be  all  metal  or  of  pan  type  to  receive  a  finish  of  composition,  slate, 
or  marble.  When  these  stairs  are  designed  for  painted  finish,  no  great  harm  can  occur  to  them 
during  the  construction  period,  and  they  should  be  available  and  erected  in  the  building  as 
rapidly  as  the  erection  of  steel  will  permit.  It  is  not  uncommon  to  keep  stairs  of  this  type 
within  three  floors  of  the  steel  derricks  at  all  times.  Temporary  2-in.  plank  treads  are  supplied 
and  also  temporary  wood  railings  are  used  should  the  finished  balustrade  be  unsuitable  to  install 
at  such  .\n  early  date. 

For  stairs  which  have  a  baked  finish,  or  are  made  up  of  softer  metals  than  iron,  it  will  probably  bo  found  better 
to  withhold  their  erection  until  the  building  is  in  the  finish  stages,  using  instead  temporary  wooden  flights. 

76.  Installation  of  Ornamental  Iron  with  Stairs. — At  the  same  time  stairs  are  going  in, 
elevator  facias,  if  required,  can  be  installed,  which,  together  with  store  fronts,  window  mul- 
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lions  and  other  miscellaneous  iron  work,  will  generally  provide  continuous  work  for  the  orna- 
mental iron  workers  despite  their  early  start  on  the  stairs.  This  provision  for  continuity  of 
work  is  a  point  to  be  kept  in  mind  when  scheduling  all  trades. 

77.  Protecting  Elevator  Shafts  and  Stairs. — The  proper  protection  of  elevator  shafts, 
stairs,  runways,  etc.,  from  a  safety  point  of  view,  is  a  matter  that  should  not  be  left  to  chance, 
as  it  provides  responsibility  of  sufficient  importance  for  the  building  superintendent  himself  to 
assume.  Daily  inspection  should  be  made  to  determine,  (1)  whether  all  required  protection 
in  accordance  with  accepted  standards  has  been  provided,  and  (2)  whether  proper  upkeep  is 
being  maintained. 

Temporary  hod  and  material  hoists  are  particularly  dangerous  features  of  a  building  under 
construction,  and  they  should  never  be  operated  until  the  shafts  are  enclosed  through  which 
they  run.  If  not  otherwise  protected  by  permanent  walls,  they  are  first  fenced  in  with  suitable 
enclosure  on  three  sides  at  all  floor  levels  through  which  they  run.  That  side  from  which  they 
serve  and  are  served,  should  be  protected  by  a  gate  or  protecting  bar  and  this  barrier  kept  in 
place  on  all  levels  except  the  one  being  worked.  All  enclosed  dtairs,  dark  passages,  and  base- 
ment runways,  whenever  open  to  the  passage  of  workmen,  should  be  provided  with  safety 
lights  and  railings. 

Bell  men  for  signalling  the  hoisting  engineer  should  be  chosen  with  due  regard  for  their  knowledge  of  the 
position  and  proven  ability  to  follow  instructions.  Riding  on  material  hoists  of  any  kind  should  be  strictly  pro- 
hibited. For  the  enforcement  of  this  rule,  signs  alone  cannot  be  depended  upon.  They  should  be  backed  up  by 
positive  and  concise  instructions  issued  to  all  operating  foremen  and  engineers,  with  the  full  penalty  for  violating 
thoroughly  understood. 

The  value  of  a  careful  and  thorough  study  of  welfare  and  safety  conditions  and  its  effect  on  building  oonstruotion 
work,  is  rapidly  becoming  more  and  more  a  subject  of  deep  interest  to  the  builder.  On  work  of  large  volume,  it 
has  now  become  almost  universally  the  custom  to  reinforce  the  construction  organisation  with  one  or  more  safety 
inspectors,  trained  to  detect  the  dangerous  spots  and  provide  suggestions  for  their  removal  or  improvement.  On 
work  of  lesser  volume,  where  a  separate  department  would  not  be  warranted,  these  duties  should  be  definitely  as- 
signed to  some  responsible  individual  in  the  organisation,  together  with  sufficient  authority  to  insure  the  carrying 
out  of  his  recommendations. 


SEQUENCE  OF  FINISHING  TRADES 

By  a.  G.  Moulton 

Interior  dividing  partitions,  wall  furring,  column  covering,  etc.,  should  foUow  as  closely 
after  the  completion  of  exterior  walls  as  roughing  or  pipe  trades  will  permit.  In  conjunction 
therewith  will  be  required  the  bucks,  grounds,  and  other  items  of  rough  carpentry  incident  to 
preparing  the  building  for  such  of  the  finishing  trades  as  plaster,  marble,  and  trim.  At  this 
time  also  it  may  be  desirable  to  install  the  exterior  window  sash,  particularly  so  if  the  work  is 
in  or  approaching  the  winter  months. 

78.  Wood  Trim,  Flooring,  Glazing,  Etc. — Interior  wood  trim,  maple  flooring,  glass,  and 
hardware  should  be  brought  on  the  building  only  at  such  a  time  as  they  may  be  installed  with 
safety.  Ordinarily,  this  will  be  3  to  4  weeks  after  plastering  has  been  started.  With  metal 
trim  no  delay  is  necessary  and  the  work  may  be  executed  as  soon  as  the  plaster  is  hard. 

79.  Setting  Radiators,  Plumbing  and  Lighting  Fixtures,  and  Painting. — During  this 
period  the  radiators  are  set  and  permanently  connected  up,  plumbing  and  lighting  fixtures  are 
installed,  painting  of  exterior  and  interior  wood  and  metal  surfaces  is  begun,  finished  floors 
are  scn^)ed  or  rubbed,  as  the  case  may  be,  and  a  general  canvass  of  all  incompleted  items  made 
to  determine  what  is  missing  and  the  reason  therefor.  So  called  "Punch  lists"  giving  this 
information  and  covering  each  branch  or  trade  employed  on  the  work,  should  be  compiled, 
and  checked  against  by  daily  inspections  until  the  lists  have  been  eliminated. 

The  proper  time  at  which  to  institute  these  lists  is  a  matter  for  careful  consideration.  If  resorted  to  early,  they 
must  of  necessity  deal  largely  with  generalities,  and  as  such  will  fail  in  receiving  the  respect,  or  command  the  power 
that  they  should  be  entitled  to.  To  be  of  real  service,  they  must  cover  the  ground  in  most  minute  detail,  and  until 
thia  c»D  be  done  without  becoming  burdensome  to  the  various  trades,  they  had  better  be  withheld. 
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80.  Plaster  and  Marble  Work. — ^Plaster  work  and  marble  work  are  two  trades  which  carry 
en  together,  where  they  engage  one  with  the  other,  and  either  may  be  given  the  preference  on 
installation  with  about  equal  results,  time  and  economy  both  being  considered.  While  it  might 
seem  that  the  necessary  cutting  and  patching  of  plaster  to  bring  the  marble  into  engagement 
would  be  expensive,  this  item  will  be  found  to  be  just  about  balanced  by  the  additional  expense 
involved  in  protecting  the  marble  should  plastering  be  done  last;  added  to  which  would  have  to 
be  accepted  a  certain  amount  of  lost  time  due  to  using  the  slower  trade  as  pace  maker.  It  is 
the  latter  consideration  which  generally  permits  the  plaster  to  precede  the  marble. 

With  marble  as  well  as  with  all  trades,  too  much  cannot  be  said  about  the  extreme  importance  of  scheduling 
materials  for  delivery  in  proper  sequence  that  will  meet  job  requirements.  When  dealing  with  fragile  materials 
such  as  marble,  due  consideration  should  be  given  to  the  proper  amount,  if  any,  of  stock  pieces  that  should  be  pro- 
vided in  order  to  get  out  replacements  on  the  job  with  the  least  possible  delay. 

81.  Cleaning  Up  After  Plaster  Work. — Directly  after  the  marble  and  plaster  work  has 
been  completed  on  a  floor,  this  section  should  be  given  a  thorough  broom  cleaning  and  all 
surplus  plank,  building  materials,  rubbish,  and  other  useless  equipment  should  be  removed 
from  the  story.  Thereafter  it  should  be  kept  in  that  condition  as  a  clean  building  is  not 
only  the  simplest,  but  it  is  the  surest  method  of  protecting  the  finished  surfaces. 

Marble  treads,  thresholds,  and  other  surfaces  subject  to  traffic  may  be  helped  out  by  a  temporary  coating  of 
plaster  of  Paris,  but  beyond  that  and  the  usual  precautions  against  oil  and  tobacco  stains,  the  greatest  dependence 
can  be  placed  on  the  cleaning  gang  providing  their  work  is  conscientiously  carried  out. 
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BZCAVATIHG  BQDIPUENT 

Bt   Natban  C  Johnson 

1.  Bardi  Excavatiiig  Bqnipmeot. 

la.  Steam  ShoveU. — Steam  shovels  may  be  divided  into  two  main  typea-~ 
TttUroad  and  Ttvolirin{i.  Their  principal  difference  lies  in  their  size  and  in  the  fact  that  the  re- 
volving type,  as  its  name  implies,  haa  a  full  circle  swing.     The  revolving  type  of  shovel  only 


will  be  treated  here  as  it  is  the  one  most  commonly  used  in  building  construction,  where  ita 
imall  size,  flexibility,  and  low  cost  of  up-keep  and  operation  give  it  a  position  of  importance  in 
the  excavation  of  foundations,  basements,  and  cellars,  and  for  clearing  aud  grading  ground  tor 
Dew  building  It  will  be  found  economical  where  the  amount  of  excavation  is  about  2000 
eu.  yd.  in  ground  free  from  rock. 

Steam  ia  the  most  common  power  for  the  operation  of  shovels,  but  gasoline  engines  and 
tlectric  motors  may  be  had  for  use  where  coal  or  other  fuel  is  scarce  or  where  current  may  be 
obtained. 

General  Fealurvt. — The  shovel  is  divided  into  two  main  parts — the  supporting  base  and 
the  upper  frame. 
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The  supporting  base  is  made  up  of  a  frame  of  steel  beama  Btrongly  braced  and  rivet* 
together.  This  frame  resta  on  two  atecl  axlea,  one  pivot«d  and  the  other  held  in  position  ai 
geared  for  power  traction;  and  carrioa  a  heavy  cast-fiteel  annular  gear,  the  track  for  the  rollei 
and  the  main  journal  which  supports  the  revolving  frame.  The  pivoted  axle  allows  the  dirM 
tional  movement  of  the  machine  to  be  changed.  Small  diameter  steel  wheels  of  wide  tread  a 
generally  employed,  though  some  manufacturers  are  now  supplying  a  caterpillar  traction  wtw 
is  an  advantage  if  the  machine  is  to  be  moved  about  much  and  the  soil  is  weak. 

The  upper  or  revolving  frame  consists  of  the  power  plant,  A-frame,  boom,  and  shipper  an 
to  which  is  attached  the  dipper,  or  bucket. 
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"~             ^^it* 

mh- 

'^' 

mi.M 

jm 

Fia.  2.— CdlBC  eicavkticui  on  Fillb  Avenue,  X.  Y.     Bucyci 

The  pouwr  plant  oodauU  of  motors  or  enciDei  for  hmatini,  tbTustiag,  nn 
verliEtit  boiler.  The  ttanuUns  engineg  ■»  geaErsUy  mounteif  on  tbc  uppe 
rk  and  piniciD-     Hc^tji:m  !■  mecompliehcd  thioush  atetl  cablea;  aod  flwiDgii 

Tbs  A-framt  it  nude  up  of  ■tructural  iteel  potti.  The  feet  of  the  poala  i 
each  ude.  forwHTd  and  bsek.     The  A-frsme  earriea  a  pivoted  cut-stwl 
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la  attached  to  the  ahip] 
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Working  Dimensions  of  Small  Kevolvino  Bucyrub  Shovels 


iZ 


SiSA  nf  mAfihiliA 

14-B 

18-B 

26-B 

35-B 

Standard  moantinc 

Traction 

Traction 

Railroad 

Railroad 

All*l<»  of  boom 

Standard 
45* 

Special 
52« 

Standard 
45* 

Special 
64* 

Standard 
45* 

Special 
50* 

Standard 
46* 

Special 
61' 

A 

B 
C 
CI 

D 
E 
F 
O 

H 
I 

J 

L 

Manmum  dumping  rad- 
ius  

21'  6' 

20' 8' 

23' 6' 

22' 3' 

26' 8' 

25' 0' 

30' 6' 

30' 0' 

• 

Oear  dumping  height. . 

11  2* 

13' 2' 

11'  10' 

14' 10' 

13' 0' 

14'4' 

16' 6' 

17' 1' 

Level  floor  radius  (Abso- 
lute lerel) 

15  0' 
17' 0' 

14' 3' 
16' 0' 

17' 0' 
18'  6' 

16' 0' 
17'9' 

18' 2' 
19'  6' 

17' 8' 
19' 6' 

21' 3' 
22' 6' 

20'6' 
22' 3' 

Level  floor  radius  (Dip- 
per at  max.  rake) 

Bcdow  levd  floor 

8  2' 

2'7» 

3' 3' 

2' 6' 

3'  11' 

3  6' 

6' 9' 

5' 2' 

Radius  of  boom 

17' 3' 

15'7>i' 

19' 1' 

16' 7' 

19  9' 

18'4K' 

23' 2' 

21' 6' 

Height  of  boom 

18' 0* 

19'  5H' 

19' 4' 

21'  byi" 

20' 6' 

21'  7^' 

24' 4' 

25'  9' 

Digging  radius  at  8-ft. 
elevation 

23'  6' 

22' 6' 

26' 6' 

24'  0' 

27' 6' 

26'  10' 

32'  0' 

31'  8' 

Height  dipper  will  cut. . 

16' 6' 

18' 9' 

18' 0' 

21'  3' 

20' 6' 

22'  0' 

24' 4' 

25' 9' 

Rear  end  radius. 
On  roof 

10' 8H' 
10'  4* 

10' 8M' 
10' 4' 

ir4' 
11' 0* 

ir  4' 

11' 0' 

12'  8' 
12' 6' 

12'  8' 
12' 5' 

13' 3H' 
13' 0' 

13'3^' 
13' 0' 

On  rev.  frame 

Highest  part  with  boom 
lowered 

WO" 

13' 0' 

13'  10' 

13'  10' 

14' 2' 

14' 2' 

14' 4' 

14' 4' 

Deduct  from  B.  F.  H.  ft 
J.  for  railroad  mount- 
inar 

6H' 

6M' 

6' 

6' 

• 

Add  to  B.  F.  H.  ft  J.  for 
traction  mounting 

SH' 

SM-' 

8?i' 

89i' 

Add  to  B.  F.  H.  ft  J.  for 
caterpillar  mounting. 

1 

9' 

9' 

4' 

4' 

7' 

7' 

6>i' 

6M' 
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Table  of  Dimensions — Small  Revolving  Bucyrus  Shovels 


14-B 


18-B 


EfTective  pull  on  dipper,  pounds. 


^         .^        ,    ..  r  Struck  measure. . 

Capacity    of   dipper  \  ._  , 

f"-       ^  Heaped  measure. 


Sise  of  engines 


Main. . 
Swing. , 
Thrust, 


Revolving     frame     f  Length. 
(Over-all  house  di-    I  Width, 
mensions) 

Traction 

Truck 


Wheel  base 


Width  over  traction  wheels. 


Boiler 


Type 

Dimensions. 


Water  tank,  total  capacity 
Weight  in  working  order 


Shipping  weight 


Railroad . . . 
Traction . . . 
Caterpillar. 

Railroad. . . 
Traction . . . 
Caterpillar. 


12,300 

H  cu.  yd. 
?i  cu.  yd. 

5'  X  6' 
A"  X  b" 
4'  X  b" 

15'  3' 
9'0' 

7'  3' 
T  3*' 

8'  6" 

Vertical 
42'  X  7'  6" 

275  gals. 

20  tons 

21  tons 
26H  tons 

17H  tons 
10  tons 
24  tons 


18,250 

K  cu.  3m1. 
1  cu.  yd. 

6*  X  7" 
4yi'  X  5' 
4^'  X  5' 

16'  0" 
10'  0" 

8'0' 
8'0'' 

9'  6" 

Vertical 
48"  X  7'  6" 

350  gals. 

25  tons 

27  tons 

30M  tons 

22  tons 

24  tons 

27  H  tons 


25-B 


25.800 

l^i  cu.  yd. 
IH  cu.  yd. 

7"  X  8' 
5"  X  6' 
5'  X  6' 

17' 9' 
10' 0' 

8' 9' 
8'  9" 

IV  SH' 
Vertical 
submerged 
54"  X  8'  11" 

400  gals. 

33  H  tons 
37  H  tons 
44 1^  tons 

30H  tons 
33)^  tons 
40>^  tons 


35-B 


31,490 

IH  cu.  yd. 
19^  ou.  yd. 

8'  X  8' 
6'  X  6' 
6"  X  6* 

19'  4" 
10' 0' 

10*3' 
10' 3" 

12*  4' 

Looo. 
48"  X  9'  7" 

500  gals. 

42H  tons 
46^  tons 
50^  tons 

38  tons 
42  H  tons 
46K  tons 


Thew  Shovel 

Bucyrus  Shovel 

Cu.  yd. 

Working  weight 

Rated  capacity 
in  cu.  yd. 
per  hr. 

Cu.  yd. 

Working  weight 

Rated  capacity 

in  cu.  yd. 

per  hr. 

H 
H 

1 

28,500 
38.000 
49,000 

25  to  40 
30  to  50 
35  to  70 

H 
IK 

42,000 
50,000 
67,000 
85,000 

25  to  50 
30  to  70 
40  to  100 
50  to  125 

The  dipper  or  shovel  resembles  the  ordinary  scoop  bucket.  It  is  of  all  steel  construction  with  a  cast  bottom 
which  is  hinged  to  the  back  of  the  bucket  and  held  closed  by  a  spring  latch.  By  a  slight  jerk  on  a  Ught  line  which 
leads  from  the  back  to  the  cabin,  the  operator  may  open  the  latch  causing  the  bottom  to  drop  and  empty  the  dipper. 
The  cutting  edge  of  the  dipper  depends  on  the  character  of  the  material  to  be  excavated.  This  cutting  edge  is  of 
high  carbon  or  alloy  steel  supplemented  under  ordinary  conditions  by  teeth  made  from  forgings  with  tool  steel 
points  and  fastened  to  the  outside  of  the  bucket  leaving  the  inside  free  from  obstructions.  The  dipper  is  fastened 
to  the  shipper  arm  by  means  of  heavy  forged  arms  and  braces. 

The  hoisting  line  is  connected  to  the  dipper  by  a  hinged  bail  through  a  sheave.  The  amount  of  excavation  for 
a  given  period  of  time  will  depend  on  the  character  of  soil,  sise  of  dipper,  depth  of  cut,  height  of  unloading,  and  the 
rate  at  which  empties  can  be  brought  in  place  for  loading.  Using  a  1-yd.  dipper,  in  average  ground,  and  rating 
dippers  per  minute  to  allow  for  ordinary  delays.  40  to  60  cu.  yd.  should  be  handled  per  hour,  or  300  to  500  cu.  yd. 
per  day  for  8  hr.  Steam  shovels  cost  from  $8000  for  the  small  H-cu.  yd.  to  $20,000  for  the  l>i-cu.  yd.  capacity. 
The  weight  will  necessarily  increase  with  the  sixe  of  the  shovel. 


S«c  ft-lb] 


CONSTRUCTION  EQUIPMENT 


837 


lb.  LocomotiTe  Crsnes. — The  locomotive  crone  is  similar  io  general  construction 
to  the  steam  shovel.  It  also  consists  of  two  main  parts — the  Hupporting  base  and  the  upper 
frame.  The  general  construction  of  the  supporting  base  is  the  same  as  that  of  the  shovel.  The 
upper  frame  carries  the  power  equipment  and  the  boom.  The  power  equipment  consists  of  a 
2  or  3  drum-hoist  driven  by  double  cylinder  engines  supplied  with  steam  from  a  vertical 
boiler,  or  driven  by  gasoline  engines  in  some  recent  types,  or  electric  motors  in  favorable 
situatioDs. 

The  boom  of  a  locomotive  crane  is  longer  than  that  used  with  a  power  shovel  and  is  made 
either  in  the  form  of  an  A  (with  legs  connected  to  the  rotating  platforni,  the  apex  to  a  drum  by 


■heaves  and  boom  lines)  or  of  box  cross  section,  greatest  at  the  center  and  tapering  to  the  ends. 
Tttc  boom  (ranging  in  length  form  26  to  70  ft.)  is  made  of  latticed  structural  steel  shapes  and 
can  be  raised  or  lowered. 


■dfOK 


«  tmn  af  nod,  cruabed  •time,  uid  (tavel,  oi  lor  hoiitioc  matcri 
maiy  tima  be  lued  for  ciavsting,  but  have  no  macbuiickl  meiuig  oth< 
nttinc  inio  rdateriid*.    Thrc«  types  of  buckrta  arc  comoioDly  uwd  wit 

Locomotive  cnna  wiU  vu;  id  weignt  fiom  4S  tona  in  tbe  unsller  o 
er  30  to  40-ton  apadty.     Tbe  ;w1m  will  VU7  from  sbout  tl3,000  [or  tbe 
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Maxiuum  Clearance  n 

n>EB  Hook  for 

Various  Radii — Ohio  Locomotive  Crane 

Lonsth  of  boom 

12' rod 

IS' rod 

20- rod 

2S'rod 

SCrod 

3S'rod 

«,■», 

4B'rod 

fiO'rod 

35  ft. 

40  ft. 

50(1. 

aa-a- 

27'e' 

3S'7- 

23' fi- 

au'a* 

38' 8- 

19'  10' 

31'    I- 
3fl-    1- 

14' 8- 
22'  I' 

ass* 

34'  !• 

39'  8' 

24'    3- 

SC    9- 

17' 4- 

18'    8- 
35'    8' 

2B'    ?■ 

30' 3' 

Maximum  Clbabancb  cki 

OER  Bucket  for  Varic 

tjsRad 

1 — Ohio  Locomotive  Craxe 

I^QRlhof  boom            12'  rod 

15'  rod      20'  rod 

^■^ 

atrrod 

35' rod 

40' rod 

1 
45'  rod      60*  tod 

30  », 
35  fl. 

IB-    «- 

24'  10- 
25'    7- 
28'    6- 

19-a- 

23'e- 

29' 8- 

16'  S- 

iv  9' 

28'  2- 
32' 2' 

40- 9' 

IB'O- 
25' S- 

31' 0* 
36' 9' 
41' 0' 

13'  10- 
21'    0- 

34-    3- 

23'    7' 

38-11- 

2»'5- 

33' 8- 

27-0' 

IT'S- 

Fio.  i. — Dnc  scrftper. 


Ic.  Scrapers. — Scrapers  as  used  in  ex- 
cavating for  buildings  are  of  two  general  types — drags 
or  slios,  and  wheeled  scrapers.  These  are  pnicti- 
ca\\y  identical  in  action  except  that  one  slides  on  the 
ground  and  the  other  is  mounted  on  wheels. 

Drag  Scrapers. — The  drag  or  scoop  scraper  (Fig. 
4)  is  made  of  steel  pistca,  Bunietimes  provided  with  an 
extra  bottom  known  as  "double  bottom"  (Kig.  fi),  or 
with  runners,  with  a  heavy  iron  bail  hinged  to  the 
sides  BS  a  means  of  attaching  a  team  of  horses. 
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Dbaq  Scrapers 


CpMity  («u.  ft.) 

LoDStb 

""' 

D«ptb 

Weight 

R«n.fk. 

32 

33 
31' 

ioa" 

100 

so 

1 

IID 

Double  bottom 
With  ninnen 

Double  bottom 

Without  ruuDcn 

Double  bottom 
With  Tunnen 
Without  nmnen 

^-^ 

i 

»»>:#s:;i 

\ 

^M^ 

■*■ 

- 

no.  t. — WIwelH]  Knpsr  in  poaitlon  to  loadi  Western  Wheeled  Scraper  Co.,  Auiois,  DL 
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Wooden  handlee  &re  tasteaed  to  the  ridefi  which  enable  the  operator  to  guide  and  to  trip 
the  scoop.  This  type  of  scraper  is  not  economical  to  use  on  hauls  of  over  160  ft.  Tbey  are, 
however,  a.  good  mcana  of  excavating  in  places  where  wagons  could  not  be  readily  handled. 

WheeUd  Scrapers.^A  wheeled  scraper  (Fig.  6)  consista  of  a  ateel  box  with  one  open  Bide 
suspended  from  an  axle  which  ia  supported,  by  wide  tread  wheels  of  about  40  in.  diameter. 
Attached  to  the  box  are  levers  which  enable  the  operator  to  raise,  lower,  or  dump  the  acrapen 
aa  desired  without  stopping  the  team.  The  box  is  of  the  form  of  a  rectangle,  square  on  the 
bottom  and  having  a  height  of  about  )-i  its  depth.  Its  chief  usefulness  commences  about 
where  that  of  the  dr^  scraper  ceases  and  is  anexcellent  method  of  moving  earth  or  hauls  up  to 
about  1000  ft. 

Wheeled  Sen  ape  rs 


{«u.  ft.) 

Bdi 

W.„. 

Wd^t 

L«nsth 

w,» 

Depth 

34 
38 

*2 

„„ 

1* 

IS 

32 
30 

38 

32 
SS 

41 

WW 
12 

13H 

i3H 

I3K 

2.^i  X  H. 

a>4  x4 

3      XH 
3      XSj 
3       XM 

400 
43t 

«50 
700 

id.  Backets. — Many  types  of  buckets  are  used  in  excavation.  The  clam  shell 
and  the  orange  peel  are  employed  as  diggers.  Handling  buckets  are  loaded  by  hand  or  from 
hoppers. 

Clam  SheU  Bucket— Tbo  clam  shell  bucket  (Fig. 
7)  consists  of  two  curved  jaws  which,  when  closed, 
form  half  of  a  short  cylinder.  Two  sets  of  steel 
arms  connect  these  jaws  to  the  head  casting.  The 
lower  end  of  each  set  is  connected  to  the  out^  edge 
of  the  jaws,  and  the  up]>cr  ends  are  hinged  to  the 
head  casting.  The  inner  edges  of  the  jaws  are  con- 
nected together  and  liingcd  to  a  counterwoght. 
The  counterweight  is  connected  to  the  head  frame 
through  sheaves  and  the  closing  lino  to  the  head 
costing. 

Two  lines  are  necessary  for  operation,  a  doting 
line  and  a  holding  line,  each  acting  as  its  name  im- 
plies. By  means  of  the  counterweight,  the  bucket 
will  open  when  the  closing  line  is  released,  causiiig 
the  jaws  to  separate.  On  engaging  the  cloring  line, 
the  jaws  will  tend  to  close,  causing  the  bucket  to 
bite  into  and  fill  with  earth. 

Clam-cbeU  bucVsta  m»v  be  aupplied  with  t«th  to  aid  io 
dic^nR  in  hud  crouad.  The  uringemoQt  ot  ahnvca  ukd 
hoiatJDi  lioe  plftye  an  important  part  in  tho  dLsEiDB  ability 
o(  ■  BhavflL  TbB  I«kei>i>od  En^DceriiiE  Co.  tnakn  a  bucM 
vhicb  hsB  a  sheave  mountAd  on  e»ch  ja*  ana.  thua  s^Tini 
better  diupnff  ability  throuah  cambinatioa  at  leveracca. 
Boulden  may  br  bandlpd  by  elam  ehcUi  which  are  too  bii  to  fit 
in  the  bucket,  aa  the  pip  ol  the  jawa  ii  aofficient  to  hold  them. 


W^  ■' 

i«  ■» 

IBB|tiR 

W^ 

m 

M^.^ 

m 
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Clau  Shkll  Buckets 
Lake  wood  Bi^ineertng  Co. 


Cmp«dly  (on.  yd,) 

A 

B 

" 

- 

- 

0-    3 

5-1      - 

6'    BH 

9V. 

2'  llW 

7'    1 

6'    0 

I 

0 

H 

7'    1 

B'  aw 

B'    0 

« 

a-  iiw- 

1 

7'  o>i- 

4H 

1 

8-    I 

7'0     • 

Ui 

0)i- 

IH 

8'     I 

TOH- 

7'    1« 

6 

7!-i 

«    • 

IM 

r  o>i- 

r  Hi 

3W- 

3 

8'  uy. 

8' OH' 

7'    7M 

lOH' 

8'    3H 

7'  OVi- 

7'    8M 

l 

7 

o»i- 

1                 aw 

V    4»i 

i  ""' 

■''  "^^ 

8'  lOH' 

....   1 

— itound  BelC-tUtiiv 


Oron^  Peri  BudM. — The  orange  peel  bucket  (Fig.  8)  conaiatB  of  three  or  more  curved 
triai^pilar  steel  blades  which  when  closed,  form  a  half  sphere.     The  poiaU  of  the  blades  are 
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reinforced,  as  teetb  are  not  used  with  this  type  of  bucket.  From  each  blade,  one  ann  extendi 
to  the  bead  casting  and  another  to  the  counterweight.  Two  linee  are  used  to  control  the 
operation,  one  known  as  the  closing  line,  which  closes  the  bucket,  and  the  other  the  holding  line. 
The  holding  line  takes  the  dead  weight  of  the  bucket,  when  the  dosing  line  is  released,  to 
allow  the  bucket  to  open. 


Fio.  10.— TillioB  bucket. 


Fio.  11. — Bottom -dump  butktt  for  large  (ornu. 


Tbec 


Handling  Bw:ket. — Steel  buckets  used  for  handling  material  are  of  many  different  sises 
and  shapes.  They  are  classified  according  to  the  manner  in  which  they  discharge — i.e.,  tilting 
or  bottom  dump  buckets. 

The  tilting  liudtt  i*  buoi  by  *  bekvy  htH  binied  to  tfae  lidn  of  tfae  bueket  whkh  it  hrld  in  tba  upricht  pgaltloa 


»il  ii  [u< 


cllyr. 


M  uprifht.  locked  p< 


et  w  tbkt  litUc  el 


Round  Buckets,  Heavier  Bottou  t 

(See  Fig.  9) 


C,p.oil, 

Widtb 

Hei»ht  from  lop 
lo  bottom 

of  bail 

Depth  of  bucket 

(eu.  ».) 

(incbei) 

(tacbe.) 

(pouDdi) 

6 

31 

33 

19 

160 

as 

3S 

1* 

44 

43 

49 

22 
26 

220 
3S6 

17 

20 

320 

56 

4ie 

60 

eo 

33 

soo 

(2 

6B 

71 

40 

TSO- 

Strnicht  (id 

- 

Made  with  double  b 

Dttom 

Cmpmeity 

(cu.  rt.) 

u^ 

Width     1      D 

.« 

C»p«dl 
ton.  ft.) 

1     l^wlli 

Width 

Depth 

g 

33 

2S 

IB 

18 

4S 

37 

SO 

10 

41 

29 

-to      1 

22 

ai 

27 

62 

43 

30 
31 

2n 

34 

" 

« 

"     1 

ii 
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The  bottom  dump  bucket  discharges  through  doors  in  the  bottom.  The  sises  of  these  buckets  and  the  method  of 
opening  the  bottom  vary  with  different  manufacturers.  In  general,  the  bottom  dump  is  square,  the  doors  being 
opened  through  a  leverage  system  actuated  by  a  man  stationed  at  the  point  of  unloading.  Some  buckets  are 
e  luipped  for  a  double  line  enabling  the  hoist  and  discharge  to  be  controlled  by  one  operator. 

le.  Picks,  Shovels. — Where  the  amount  of  excavation  is  small  and  power  op- 
erated tools  cannot  be  advantageously  employed,  hand  methods  must  be  used.  With  these,  the 
ground  is  first  broken  up  or  loosened  and  then  loaded  into  barrows  and  wagons  for  removing. 
Three  tools  are  used  for  thus  loosening  ground — ^the  pick,  mattock,  and  plow. 

The  pick  conaista  of  an  iron  arc,  one  end  of  which  is  pointed,  the  other  slightly  flattened,  attached  at  the  center 
to  a  wooden  handle. 

The  mattock  is  similar  to  the  pick  but  has  a  broad  flat  edge  at  one  end.  This  tool  is  used  in  very  loose  soil  or 
for  tiimming  or  leveling. 

The  plow  as  drawn  by  one,  two,  or  four  horses  will  be  found  to  be  an  excellent  means  of  loosening  soil.  The 
sise  of  plow  and  number  of  horses  required  will  depend  on  the  nature  of  the  ground.  In  ordinary  loam  a  team 
should  looaen  from  40  to  50  yd.  per  hr.,  which  is  10  to  12  times  the  amount  a  man  with  a  pick  can  do  in  the  same 
time. 

SHomU  should  be  selected  as  to  their  wearing  ability  and  the  nature  of  their  intended  use.  A  shovel  may 
be  regarded  as  a  cutting  and  conveying  tool  with  the  steel  part  supplying  the  cutting  edge;  and  with  the  handle, 
the  means  of  convesring.  The  shape  of  the  cutting  edge  will  therefore  depend  on  the  material  to  be  handled;  and 
the  length  of  handle  will  depend  on  the  distance  the  material  is  to  be  moved,  and  the  working  space.  A  shovel 
holding  a  load  of  21  lb.  iaeonaidered  to  be  the  most  efficient  as  regards  sise.  A  round  pointed  shovel  would  be  used 
for  d*gr"g  in  hard  ground;  whereas,  a  square  pointed  one  is  suited  for  loose  materials,  such  as  sand,  or  for  hand- 
mixing  concrete. 

8.  Rock  Excavating  Equipment. — When  rock  in  any  quantity  is  encountered  in  excavating, 
some  means  must  be  employed  to  break  this  up  into  sizes  which  can  be  handled  and  removed. 
Two  general  means  for  this  purpose  are  at  hand — explosives  or  plug-and-feather.  In  crowded 
quarters,  where  injury  to  other  buildings  by  the  jar  or  by  pieces  of  flying  rock  is  liable  to  occur, 
the  use  of  explosives  is  limited.  However,  this  means  has  been  employed  even  under  the  above 
circumstances  and  may  have  to  be  resorted  to  where  the  rock  encountered  is  hard  and  not  easily 
split,  either  by  hand  or  machine,  to  a  size  which  may  be  handled  by  the  mechanical  means 
available. 

In  all  cases  where  an  explosive  is  used,  great  care  must  be  exercised;  and  in  most  localities 
certain  rules  are  in  force  as  to  its  storage,  handling,  etc.  Usually  a  licensed  powder  man  is 
required  for  this  work. 

2a.  Explosives. — Explosives  are  divided  into  two  classes  dependent  upon  the 
force  exerted — i.c.,  black  powders,  which  are  weakest,  and  dynamite  and  granulated  nitroglycerin 
powders,  which  are  the  strongest.     Both  require  the  utmost  care  in  handling  and  storage. 

An  explosion  results  from  chemical  action  between  the  components  of  the  explosive,  freeing 
a  relatively  large  volume  of  gas  at  high  temperature  with  greater  or  less  rapidity.  The  force 
exerted  by  this  gas  is  equal  in  all  directions  at  the  instant  of  explosion.  ''Tamping''  and  the 
shape  of  the  hole  will  therefore  affect  the  result  of  the  explosion.  In  every  case  the  explosive 
should  fill  the  hole  leaving  no  air  cushions.  Tamping,  therefore,  becomes  of  particular  impor- 
tance with  the  weaker  explosives.  Further,  all  holes  before  charging  should  be  cleaned  out  and 
water  removed.  If  seepage  occurs  so  that  it  is  not  possible  to  keep  the  hole  dry,  a  waterproofed 
wrapper  about  the  charge  must  be  used,  ebe  the  desired  explosion  may  not  occur  and  removing 
an  unexploded  charge  is  dangerous. 

Black  Poxoder. — Black  powder  is  a  slow  burning  powder.  It  consists  of  65  to  75%  potas- 
sium nitrate,  15  to  20%  charcoal,  and  10  to  15%  sulphur.  This  powder  is  obtained  in  kegs 
weighing  25  lb.  or  more;  and  is  poured  through  a  funnel  or  tube  to  prevent  any  of  the  powder 
sticking  to  the  sides  of  the  holes.  In  cases  where  the  powder  cannot  be  poured,  it  is  made  up  in 
a  paper  cartridge  and  lightly  shoved  in  with  a  stick.  Such  a  container  may  be  readily  made  by 
wrapping  brown  paper  on  a  mandrel  slightly  smaller  than  the  hole.  If  necessary,  the  container 
may  be  dipped  in  hot  paraffin  and  made  waterproof. 

Black  powder  may  be  fired  by  a  battery,  or  by  a  fuse  which  is  a  core  of  gunpowder,  surrounded  by  tape.  One 
end  of  the  fuse  is  inserted  in  the  powder  before  tamping.  As  the  rate  of  burning  of  the  fuse  is  known,  enough  should 
b«  used  to  enable  the  operator  to  reach  a  place  of  safety.  An  "  electric  squib  "  lesembles  a  fuse  but  has  a  paper  cap 
iinf>«d  of  »  copper  one.    In  either,  a  spark  ignites  the  powder. 
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Powder  is  graded  according  to  the  sise  of  the  grains,  smaller  grains  giving  quicker  burning  powder  than  laiie 
grains.  A  good  powder  is  dark  gray  or  slate  color,  and  should  leave  no  dust.  When  burned  on  a  sheet  ci  white 
paper,  it  should  leave  no  residue. 

Dynamite  and  Nitroglycerin, — Nitroglycerin  is  the  basis  of  the  more  powerful  explosives. 
It  is  extremely  sensitive  both  to  heat  and  shock  and  for  this  reason  is  not  used  full  strength. 

Dynamite  is  any  absorbent  material  saturated,  or  partly  saturated,  with  nitroglycerin. 
It  is  known  as  "active"  or  ** inactive"  according  to  the  nature  of  the  absorbent  material, 
commonly  called  "dope."  Porous  earth  and  wood  pulp  are  known  as  "inactive  dope"  as 
they  do  not  take  part  in  the  explosion  but  act  as  a  means  of  supplying  the  nitroglycerin. 
Gunpowder  is  known  as  "active  dope"  as  it  takes  part  in  the  explosion. 

Dynamite  is  rated  on  its  percent  by  weight  of  nitroglycerin  when  absorbed  by  "inactive 
dope, "  i.e.,  a  40%  dynamite  would  contain  40%  by  weight  nitroglycerin  but  has  an  explosive 
strength  equal  to  that  of  40%  "inactive  dope"  dynamite. 

Dynamite  is  commonly  packed  in  paper  cartridges  from  6  to  16  in.  long  and  %  to  2  in.  in 
diameter,  the  most  common  size  being  l}i  X  Sin.,  weighing  about  H  lb.,  and  is  shipped  in 
boxes  of  25  to  50  lb. 

A  strength  of  40%  is  most  commonly  employed  and  a  number  of  brands  of  various  composition  are  on  the 
market.     Three  brands  of  different  strength  will  serve  to  illustrate  these : 


Atlas  powder 
75% 


Giant  powder  No.  2 
40% 


Carbonate 
26% 


Nitroglycerin 

Wood  fiber 

Sodium  nitrate 

Magnesium  carbonate 

Sulphur 

Resin 

Kiselguhr 

Sodium  carbonate. .  .  . 
Woodmeal 


75  parts 

21  parts 

2  parts 

2  parts 


40  parts 

40  parts 

6  parts 
6  parts 
8  parts 


25  parts 
34  parts 


H  parte 
40H  part 


Dynamite,  while  an  effective  tool  in  the  bands  of  one  who  thoroughly  understands  it,  is  dangerous.  So  many 
factors  enter  into  its  behavior  and  affect  it  each  in  a  different  way,  that  only  experienced  men  shotdd  handle  it. 
Tamping  should  not  be  omitted  as  greater  force  is  secured  when  the  gases  are  confined.  Sand  may  be  poured  in 
first  to  fill  all  cracks  around  the  charge,  followed  by  stiff  clay  rammed  in  lightly  at  first  and  then  harder. 

In  charging,  the  sticks  should  not  be  rammed  into  the  holes  and  in  no  case  should  an  iron  bar  be  used. 

Dynamite  requires  a  shock  to  detonate  it,  which  is  supplied  by  a  copper  cap  containing  fulminate  of  mercury 
in  which  is  embedded  a  platinum  wire.  This  is  connected  by  wire  to  a  blasting  machine,  which  is  a  means  of  gen- 
erating current  to  beat  the  platinum  wire,  thus  exploding  the  fulminate  of  mercury  which,  in  turn,  detonates  the 
dynamite. 

Building  laws  in  various  stat^  cover  the  case  of  "misfire."  In  New  York  "tamping"  may  not  be  removed 
from  a  " misfire"  nor  can  drilling  proceed  in  a  hole  not  completely  fired  to  the  end.  New  holes  must  be  drilled  not 
less  than  12  in.  from  those  which  have  "misfired."  The  cause  of  misfire  may  be  traced  to  a  number  of  things. 
The  principal  causes  are:  defective  cap,  break  or  short  circuit  in  the  wires,  cap  too  weak,  battery  overloaded  or 
improperly  oi>erated. 

26.  Rock  Drills. — Drilling  in  rock  may  be  carried  on  by  hand,  by  churn  drills, 
or  by  machine  drills.  Hand  drilling,  unless  the  number  of  feet  to  be  drilled  is  small  or  the 
work  carried  on  away  from  means  of  getting  steam  or  air,  is  not  much  used  in  building 
operation.  Machine  drills  are  more  largely  employed.  The  smaller  types  of  machine  drills 
are  made  light  enough  so  as  to  be  readily  portable  and  easily  handled  by  one  man;  in  larger 
sizes  they  are  mounted  on  tripods  and  adjusted  to  drill  horizontally  at  an  angle,  or  vertically. 
The  smaller  drill  will  generally  be  found  to  be  handiest  except  in  cases  where  long  holes  and  hard 
rock  are  encountered. 

Hand  Drilling. — Hand  drilling  is  done  by  one,  two,  or  three  men.     Where  one  man  is  em- 
ployed, he  both  holds  the  drill  and  strikes.     In  soft  rock  or  in  constricted  quarters,  and  for 
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ah&Uow  holes,  this  is  generally  considered  the  moat  economical.  The  weight  of  hammer  used 
is  4  to  5  lb.  Ab  the  hole  becomes  deeper,  a  heavier  blow  is  advantageous  and  two  or  three  men 
are  used,  one  to  hold  and  turn  the  drill  after  each  blow  and  one  or  two  strikers.  In  such  work 
the  hammer  weight  is  about  10  lb.    L^ht  blows,  deUvered  in  quick  succession,  are  better  than 

heavy  blows  having  long  intervals  between.  For  this  reason  two  and  sometimes  three  strikers 
are  employed.  Drilling,  like  every  other  operation,  requires  skill  and  judgment  on  the  part  of 
the  strikers  to  know  how  to  strike  the  drill  in  order  to  cut  and  keep  the  bottom  of  the  hole  clear 
Bo  that  the  drill  is  operating  on  solid  rock  and  not  on  loose  fragments.. 

Wnter  it  Bentnlly  supplied  to  the  drill  to  keep  the  powdered  rock  in  siupensioD,  lorming  ■  -luta  whiob  must 
be  lemoved  fniin  lime  to  lime.     This  ig  dona  tay  s  "spooii,"  i  long  bttr  with  the  I'lUl  Oiitteiied  sod  bent  alichtly  ftt 

uacd  when  one  man  !■  employed.  The  disnicler  of  the  cutting  edge  dependa  on  the  liie  hole  required  but  il  gCD- 
erally  H  to  H  in-  l>rcer  Uisn  the  diameter  of  the  rod.  OctsKODsi  xteel  ig  used  for  the  ahank  u  tbii  offera  ■  better 
grip  than  the  other  ahapee.  The  cutting  ed^e  ia  made  aliAhtly  curved  to  inaure  a  atarting  point  and  to  allow  for 
any  tilting  during  the  Brat  few  inches.  Hand  drilla,  or  "jumpera"  aathey  are  called,  are  made  in  different  ahapea. 
The  cUhI  bit  U  the  one  moat  commonly  used  with  hand  drilling.  Star  and  rose  biu  are  uaed  when  hoI(B  are  to  b« 
drilled  in  cement  or  brick  work  for  the  placiag  ol  eipanaion  bolta,  pipe*,  etc. 

Chum  Drilling. — Churn  drilling  consists  of  lifting  a  drill  rod  a  foot  or  more  and  then  allow- 
ing it  to  fall.  The  drill  is  generally  double  bitted;  and  in  the  hands  of  skillful  men,  this  method 
is  good  for  drilling  deep  holes.  The  number  of  men  may  vary  from  one  to  six,  but  with  the 
latter  number  it  is  beat  to  provide  a  platform,  with  three  men  on  the  ground  and  three  on  the 
platform.  Cross  pieces  or  arms  are  bolted  to  the  drill  for  lifting.  One  is  provided  for  each 
pair  of  men.  For  shallow  holes  of  small  diameter  a  ball  is  welded  to  the  shank  to  give  additional 
weight.     When  this  is  done  the  drill  is  known  as  a  "ball  drill." 

Tl-e  bits  uaed  are  the  aame  ae  for  the  "jumper"  drill  and  are  generally  made  of  ihort  lectiona  of  too]  ateel 

be  uaad  that  the  weight  ia  not  eiceaaive,  aa  there  will  be  a  losa  of  efficiency  if  too  many  men  are  required  to  handle 
tbedrUL 

Machine  Drills- — Machine  operated  drills  may  be  divided  into  two  main  claaaes  according 
to  whether  the  drill  steel  acts  as  part  of  the  piston  or  as  a  separate  unit.  The  former  is  called 
t,  "piston  drill,"  and  the  latter  a  "hammer  drill." 

Pitlon  Drill. — The  piston  and  piston  rod  in  the  piston  type  are  made  integral.  A  V  bolt 
chuck  is  attached  to  the  piston  rod,  into  which  the  drill  steel  is  clamped.  These  drills  are 
mounted  on  tripods  and  are  used  where  long  holes,  hard  rock,  and  high  air  pressurea  pre  oil. 
In  general,  tripod  drills  are  uaed  on  outside  work,  as  due  to  their  weight  and  space  required  to 
set  up,  they  are  not  adaptable  to  cramped  quari«ra. 


Fio.  12.— Sullivan  "Hyapeed"  rock  drill,  SiUlivan  Machinery  Co..  Chicago,  111. 


Rotation  is  provided  by  means  of  a  rifle  bar,  ratchet,  and  pswla;  and  may  take  place  on 
dther  the  up  or  down  stroke.  The  top  of  the  piston  is  hollow  and  rifled  on  the  inside  so  sa  to 
allow  the  rifle  bar  to  Bt  into  it.  The  rifling  may  be  either  right  or  lefl^hand,  but  ia  usually  the 
latter. 

Two  methods  are  employed  to  actuate  the  piston.  Either  the  piston  in  its  movement 
coven  and  uocovera  ports,  or  the  movement  ie  controlled  by  a  separate  valve  or  valves.     Drills 
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of  the  firat  type  are  now  practically  obsolete.     The  tappet  and  aiudliaty  valve  drillB  are  peTbaya 
the  most  common  of  the  second  type. 


Some  mwiulBotuir 
"  HrHMd"  drilb,  in  • 
tbrse  ftpoolft  of  tbe  bhic 


dinmetor,  fitted  in  k 
stUBtsd  by  t.  liibC  ic 
ulterulely  »dmit  kn 


12  ■hon  in  wdUos  tha 
ntainei.     The  muo  vi 


ler.  whoH  eadi  engage  ii 
eiliauit  pnasure  from  a 


■  flat  tatn  d[  tbe  double  "  D  "  type  w 


oDtrola  the  ftdmiaalon 


.tdnation  ai  uaed  ia  the  SoUivaii 
valve  ia  of  tbe  apool  type  sompaMd  of 
■oUfA  by  the  air  preHure.     Below  ia  a 

h  end  of  the  main  yalye.  The  rookar 
This  pnjeotioD  encacei 
M  tbe  oylinder. 


in  Machinery  Co.,  Chici 


be  need  aeparately.  T 
live.  The  length  of  .til 
>ke.  to  ttie  light  short  a 


d  fnrci 


d  blow  can  be  V( 


'e  additional  atability  ai 
d  on  the  trii 


)f  the  drill. 


Fio.  1 

.— JackhHmmcr  air 

rill 

tbe  etee 

Rota 

and  bee 

thor  right  or  left-ha 
rdcr  U>  have  a  quii'k 

Dd. 

arline  piston,  t 

he  puts 

rapid. 

Three  typm  of  valv« 
illatiiiKOnatruninn. 
of  power.     Thi«  "tr* 

VBl^ 

betaken 
edlH-difl 

m  the  V 

radured 

thesnrfa 

niddity 

Th 

bawidei 

ia  insured. 

tapDct  and  dilTcre 
nribsd  under  piatoo 

Dtial 
drills 

poolarQ 

»0  oihe 

for  horiionlal  drilling.  Weights 
^rB  held  rieidty  in  place  by  aeresr 
a  a  cradle  which  carries  tbe  teed 
Slides  on  the  eidn  ol  the  drill  run 
ion  drills  unmounted,  depends  da 
the  sise  of  [daton  and  lenith  of  stroke. 

Hammer  Drill. — Of  the  two  types  of  machine  operated  drills, 
probably  the  type  known  as  the  "hammer  drill"  is  the  most  com- 
monly used  in  building  construction,  and  is  operated  by  either 
steam  or  air  (Tig.  14).  While  electric  and  gaaoline  drills  can  bo 
obtained,  by  tar  the  majority  of  work  is  done  by  the  air  hammer 
type.  This  drill  is  made  by  a  number  of  manufacturers,  the 
principal  difference  in  deeign  being  in  the  valve  control  and 
means  of  rotating  the  drill  steel. 

'  In  general,  a  driU  hammer  consists  of  a  casing  which  eoDtaina  all  tha 
moving  parti,  having  a  T-head  handle  at  one  end  and  a  "bImI  holder"  at  the 
other.  The  blow  IS  delivered  by  a  light  piston  with  a  »liort  itioke  under 
prnsure  of  IDO  to  12B  lb.  per  sq.  in.  The  piston  may  either  strike  the  end  of 
tbe  sleet  direct,  a  collar  being  welded  on  an  anvil  block,  or  a  striking  pin  may 
be  interpowd.  One  end  of  the  piston  is  bored  out  and  rified  on  the  inside  to 
allow  the  tiflo  bar  to  enter.  Tbe  rifle  bar  has  an  enlarged  circubir  bead  car- 
rying pawls  which  engage  with  the  ratchet  ring,  and  provide,  for  poBilire 

-es  of  (be  chuck  routing  the  latter  and  st  the  same  time, 
0  may  be  accomplished  gn  either  tbe  up  or  down  atroke 

)  made  large  and  the  valve  action  must  be  correapondingly 
action.  The  butterfly  valve  consists  of  a  simple  piece  ol 
r  pleasure  on  tbe  wings,  and  Ihccrfors  requiring  but  a  small 


:r  tyi*  of  drill,  and  hM« 
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TIm  tend  in  T>rti«l  holes  ilap«nd>  on  Ihe  wpight  -^f  the  machine,  but  whsre  hole*  in  (ome  otiwr  din«Ui>a  arc 
doind.  tripodaorcioliiiniUBraienenUyuHdif  th«leaithof  hdlr  would  tiren  mia  to  hold  tliE  drill.  Siukll  iradlm 
may  be  obtuned  in  which  the  hunoier  drill  ii  oUmped.  Tbeu're  Ught  and  ths  drill  mky  be  quickly  mouDlsd  in 
tbsm  when  it  ud«*it«dt«UM  » tripod. 

Drill  Steel  and  Bitt. — ^As  high  grade  alloy  drill  ateel  requirpn  low  heats  and  great  core  in 
forging,  a  good  carbon  steel  is  more' often  used.  Hollow 
steel  bits  are  more  dtfflcult  to  temper  and  dress  than  are 
solid  bits.  The  nature  of  the  rock  and  size  of  hole  should 
govern  the  grade  of  steel  chosen.  Octagon,  hexagon,  and 
round  are  the  shapes  commonly  used,  the  first  being  in 
special  favor  as  it  oSera  more  grip  to  the  chuck  and  there- 
fore ia  rotated  better.  3teel  may  be  obtained  in  lengths  of 
from  2  to  25  or  30  ft. 

Drilb  miir  be  forged,  drmed,  and  tampered,  either  by  haod  or 
by  ■  iimlal  machine.  Where  the  operation  is  Urge,  maehinei  ahould 
be  employed  aa  tfaey  will  give  better,  taiter,  sad  more  uailorm  reiulli. 

Tha  dealgn  of  the  bit  will  play  an  iniporlint  part  in  tbe  cutting 
ipaed:    and  here  again  the  iiic.  ebape.  and  temper  will  depeod  to  a       Pin. 
degree  on  the  rack  em-ountered.     The  biti  ahowa  in  Fig.  IS  aie  moet 
commonly    u«ed   in    American    practice.     Bite    of  aeveral   types    are 
■howD  in  Gillett's  Haudhook  of  Rock  Eioavation,  together  with  a  description 


Drill  bits,  logenoll-Rand 
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Br  Nathan  C.  Johnson 

S.  Wheelbarrows. — Wheelbarrows  for  construction  work  are  preferably  of  all  st«el  con- 
struction (fig.  16).  The  box  of  such  barrows  is  made  in  a  variety  of  shapes  and  sizes  to  meet 
different  requirements.  Where  the  material  to  be  bandied  is  semi-fluid,  barrows  having  a 
deep  box  should  be  used.  The  efficient  use  of  wheelbarrows  is  limited  to  about  IfiO-ft.  runs, 
and  in  geiKral,  it  will  be  found  better  to  have  men  to  load  other  than  those  running  the 
barrows  so  that  the  barrow  may  be  in  transit  a  greater  portion  of  time. 


— The  type  of  wagon  in  most  general  use  for  building  construction  purposes 
is  known  as  tbe  drop  boUom.  Two  other  types,  though  not  so  extensively  used,  are  tbe  slot 
bottom  and  end  dump. 

Stirl  beUom  vaefffu  require  the  team  to  be  stopped  lot  unloading  and  an  eitra  man  to  help  remora  the  lists. 

XiufduHP  uofimj  maybe  of  advBDtsge  where  il  is  desired  to  unload  into  hopper*,  or  in  building  etobBuktoente, 
•s  shoveling  is  out  to  a  minimum  by  backing  the  wagon  to  the  edge  of  the  embaakmeat  and  tripping  the  box  Uteh, 
w  that  the  eontsined  material  flows  to  place  by  gravity. 
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Drop  bottom  wagons  are  made  in  various  sises  ranging  from  1  to  5-eu.  yd.  capacity,  the  sise  to  be  used  depend- 
ing on  the  conditions  of  haul  and  the  loading  arrangements.  Wagons  of  1  to  2H  cu.  yd.  are  the  most  common. 
This  wagon  is  built  like  a  rectangular  box  with  sloping  ends  and  side  boards.  The  bottom  of  the  box  consists 
of  two  doors  opening  downward.  One  side  of  each  door  is  hinged  to  the  side  boards,  the  other  is  connected  by 
chains  through  pulleys  to  a  drum  under  the  driver's  seat.  On  reaching  the  place  of  unloading  the  driver  frees 
a  catch  which  permits  the  doors  to  open  and  releases  the  load.  The  doors  are  brought  back  to  the  closed  position 
through  a  ratcheted  lever  operated  by  the  driver  during  the  return  trip.  Except  for  the  time  required  to  load, 
this  type  of  wagon  is  continuously  in  actual  transit,  as  it  is  not  necessary  to  stop  for  unloading  or  for  closing  the 
bottom. 

Bottom  dump  wagons  are  strongly  built  and  should  last  from  5  to  6  yr.  without  undue  repairs.  They  are 
equipped  with  heavy  tires  of  broad  tread  which  enables  them  to  be  used  in  fairly  soft  ground.  The  average  speed 
of  horse  drawn  wagons  is  about  2H  mi.  per  hr.  so  that  with  speed  as  an  item  on  long  hauls,  economy  may  lie  in  the 
use  of  automotive  trucks. 

6.  Auto  Trucks. — Automobile  trucks,  where  speed  and  long  hauls  are  incident  to  a  con- 
struction, are  found  effective  and  economical.  Auto  trucks  are  made  in  a  large  number  of  sizes 
and  types  and  are  rated  in  ton  capacity  instead  of  cubic  yards.  Their  capacities  run  from  1  to 
10  tons,  with  1,  3,  and  5  tons  the  most  common. 

Dumping  of  auto  trucks  is  accomplished  by  raising  the  front  part  of  the  body  through  power  means  provided 
for  this  purpose,  the  material  sliding  out  through  the  tail  gate.  Trucks  may  be  2  or  4-wheeI  drive  and  2  or  4-wheel 
steered.  Each  has  its  advantages  and  special  uses.  Where  the  roads  are  soft  and  muddy,  a  4-wheel  drive  is  gener- 
ally considered  better  than  a  two,  as  a  greater  number  of  drivers  are  brought  into  play.  Two  wheel  drives  are 
more  common  at  present  and  give  satisfactory  service  under  most  conditions. 

The  use  of  light  weight  trucks,  many  of  them  fashioned  from  pleasure  car  chassis  of  one  make  or  another 
with  the  addition  of  ready-to-fit  bodies  and  reducing  drive  parts,  is  worthy  of  careful  consideration  on  small 
operation  where  the  cost  and  upkeep  of  larger  trucks  would  not  be  warranted.  These  have  repeatedly  proven 
themselves  eoonomical  and  useful  adjuncts  on  work  of  this  character.] 
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PILING  AND  PILE  DRIVING  EQUIPMENT 

By  Nathan  C.  Johnson 

6.  Sheet  Piling. — Sheet  piling,  made  either  of  planks  about  2  X  12  in.  in  size,  or  of  steel 
shapes,  is  driven  before  the  excavation  is  begun  and  generally  to  below  the  grade  of  the  final 
excavation.     Its  function  is  to  prevent  the  leakage  of  water  or  of  soft  materials,  such  as 

quick  sand,  and  to  withstand  the  lateral  pressure  of  adjacent 
ground. 

6a.  Wooden  Sheet  Piling. — When  timber  is  used, 
the  planks  are  driven  close  together  and,  to  secure  water-tight- 
ness, ane  made  double  and  triple  lapped.  The  joints  in  use  are. 
tongue-and-groove,  or  grooves  cut  in  each  side  of  the  plank  with  a 
tongue  driven  separately. 

What  is  known  as  the  Wakefie}d  pile  (Fig.  17)  consists  of 
three  planks  bolted  together  to  form  tongue  on  one  side  and  a 
groove  on  the  other.  This  gives  practically  water-tight  construc- 
tion but  as  the  planks  are  driven  as  a  unit,  the  resistance  to 
driving  is  increased.  By  careful  selection  and  grading  of  the 
center  plank,  a  good  joint  can  be  secured.  Three  advantages 
are  claimed  for  this  type  of  piling:  namely  (1)  knots,  cross  grains, 
and  other  defects  can  be  seen  though  it  is  unlikely  that  these  defects  would  come  at  the  same 
point  of  the  pile ;  (2)  there  is  no  waste  in  forming  the  tongue  and  groove,  and  there  is  loss 
tendency  to  buckle  or  warp  before  driving;  (3)  only  one  side  of  each  pile  is  sharpened,  the 
long  edge  being  placed  next  to  the  last  pile  driven,  which  crowds  the  new  pile  against  the 
old  one  and  helps  to  make  a  tight  joint. 

66.  Steel  Sheet  Piling — Steel  sheet  piling  has  rapidly  come  into  extended  use. 
While  the  first  cost  is  higher  than  that  of  wood,  its  life  is  longer,  and  the  pile  is  easier  to  drive. 
Also,  whereas  steel  sheet  piling  may  be  used  several  times,  timber  piling  will  not  survive  much 
over  1  to  3  drivings. 


Pia.  17.— Wakefield  wood 
sheet  piling. 
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Steel  sheet  piling  is  made  by  a  number  of  manufactureis,  ea^h  makii^  special  claims  tor 
their  own  product,  such  as  interlocklDg  features,  general  shape  of  the  cross  secton,  and  ability 
to  form  offsets   and  turn  corners. 
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Jones  and  Lauquun  Stedl  Sheet  Piling 
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Lackawanna  Plate  Sheet  Piling 


Width:  8  in.  between  joint  centerg. 

Thickness  of  metal:  Ke  in- 

ThioknesB  of  wall:  2^e  in. 

Weight  per  sq.  ft.  of  waU:  ll.fiO  lb. 

Weixbt  per  Unsu  fogt  of  pl'uiR  section:  7.66  lb. 
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Lackawanna  Steel  Sheet  Piling — Straight  Web  Type 
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Lackawanna  Steel  Sheet  Piling — Arched  Web  Type 
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Lackawanna  Centek  Flange  Steel  Sheet  Piling 
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This  type  (center  flange)  is  designed  for  construction  requiring  high  tensile  and  com- 
prcFsive  strength  in  the  pile  section,  together  with  a  fairly  high  transverse  strength.  The 
center  flange,  as  rolled  on  this  section,  acts  as  a  stiffener  to  the  web,  increases  the  modulus 
of  the  section,  and  furnishes  a  means  for  attaching  transverse  tics,  braces,  etc.,  needed  in 
special  work,  and  tie  rods  used  in  binding  on  protective  conciete  facing  in  permanent  protected 
construction.  ^ 

7.  Pile  Driving  and  Pile  Pulling  Equipment. 

7a.  Pile  Drivers. — A  pile  driver  (Fig.  18)  is  used  in  driving  either  timber  or 
concrete  piles  and  consists  of  two  main  parts — the  bed  and  the  leads. 

The  bed  is  mounted  on  rollers  and  supports  the  operating  machinery.  Pile  drivers  are 
mostly  steam  operated  as  the  steam  hammer  is  commonly  used  in  driving.  The  operating 
machinery  consists  of  a  vertical  boiler,  engine,  and  two  dnim  hoist — one  for  the  pile  line,  the 
other  for  the  hammer  line.  The  bed  is  composed  of  timber  sills. long  enough  to  allow  the  boiler, 
etc.,  to  be  set  back  from  the  leads  to  provide  proper  balance. 


^  From  lAckawanra  Catalogue. 
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The  leads  are  long  vertical  membew,  rigidly  connected  to  the  hIIIb  opposite  to  the  boiler  and 
framed  with  back  stays  to  form  a  tower.  The  leads  carry  at  this  upper  end,  sheaves  for  the 
hammer  and  pile  liDee;  and  along  the  sides,  guides  for  the  hammer.  The  leads  in  the  BmoJler 
drivers  are  compoaud  of  wood,  suil-ably  cross  braced,  with  the  front  open  to  allow  for  placing  the 
pile  and  operation  of  the  hammer  (Fig.  19).  In  the.  larger  sizes  the  leads  are  made  up  of 
structural  steel.  The  leads  must  be  of  sufficient  length  and  strength  to  hoist  a  pile  from  a 
position  on  the  ground  to  starting  position  in  the  leads. 


id  iBTitei  piln  about  B  t« 


Id  driving  pilra  bctow 
metbods   are  employed.      < 


IM.— steel  11 

Mick  of  til 

bet  with 

ome  soF 

lr»,.|,|ii«  IcB 

.  fitted  in 

-iilc  of  ( 

»«pt  when 

a  nixmbp 

ofpil« 

ainiHRBllIC 

ifcr.™l 

r>tal  ureiiilit 

>I»pilc< 

tiiin  will  a 

<■  dimcn 

UKingW-tt 

v-Hid  lent 

3  tn  IN  tuDi. 

4000-lb,  lianimer 


I  of  holdinit  the  twn  in  proper  alignment.  The  other  method 
v  leada  and  haaitlrd  by  a  third  dium.  Thig  latter  method  ii 
ven  below  the  >tlle,  aa  at  Ihe  boKom  of  tronehee  or  in  coffer- 

Ihc  eiie  of  pile  to  be  driven  and  the  weiibt  vt  hammer  uird. 
eiihU  of  eiila.  leada.  and  ennine.  An  approiimale  weiiht 
rguireanS^i  X  10-in.en|piiewei|thin(  12.000 

[.  the  erisini-  is  pi|uipp<^d  with  a  third  drum  or 


7b.  PUe  Hammers. — Hammers  used  with  tlie  pile  driver  ami  for  driving  sheet 
piling  are  designated,  according  to  the  manner  of  their  operation,  as  drop  hammers  or  Bt«am 

hammers. 
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Drop  Hammtrg. — Drop  hammers  (Fig.  20)  are  so  called  because  they  consist  of  a  weight 
hoisted  to  some  distance  and  allowed  to  fall.  At  the  top  is  a  ring  to  attach  the  line  and  at 
the  aides  are  grooves  to  fit  the  guidea  of  the  pile-driver  leads.  Drop  hammers  arc  made 
relatively  long  to  insure  bearing  in  the  guides  and  to  prevent  jar  when  the  blow  la  atruck,  but 
a  small  amount  of  play  is  allowed  in  the  jawa.  The  bottom  is 
made  slightly  concave  if  it  is  to  strike  the  head  of  the  pile 
direct,  but  when  a  cap  ia  used,  the  bottom  is  made  flat.  The 
center  of  gravity  ia  aa  low  as  possible. 
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Steam  Hammers.— A  steam  hammer  is  one  in  which  the  ram  is  actuated  by  steam.  Steam 
hammers  may  also  he  operated  with  campressEd  air,  but  where  air  is  used,  larger  exhaust  open- 
ings are  required  to  give  the  most  efficient  aervice. 

The  hammer  ia  divided  into  two  porta,  the  frame  and  the  striker.     The  frame  is  attached 
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to  the  hammer  line,  has  jaws  on  the  sido  to  engage  the  guides,  aod  rests  on  and  is  free  to  follow 
the  pile.  The  striker  (or  striking  parts)  congiats  of  a  steam  cyhndcr  and  piston.  The  striking 
weight  may  be  attached  to  cither  the  piston  or  cylinder,  de- 
pendent upon  which  is  the  moving  part. 
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Fio.  24.— MeKiirniui-Tcrry  pile  hoinmera,  double  aiting. 
McKiiTniui-Terry  Drill  Co.,  N.  Y, 

may  be  driven  in  ■  given  time  with  a  amallcr  crew;   (31 


Special  hammeni  of  lighter  weight  and  having  a  special  cap  arc  used  to  drive  sheet  piling. 


CONSTRUCTION  EQUIPMENT 
Wkiqbts  akd  DiUENstoNB  or  Pilb  Dbivino  HAMiatiB 


^ 

i» 

^- 

- 

1* 

^ 

1 

si 

4« 
SI 

i 

1" 

1 

i 

Duty,  .iio  of  pil^. 

I 

^ 

^ 

3 

■i 

S 

1 

■^ 

" 

■i 

!n- 

■s 

■Ill  drive 

i 

i 

13 

1 

h' 

1 

1  = 

1 

i- 

K 

'$ 

WAitKlNGTON  STEAM  PILE  HAMMERS 

ManuCii^turBd  by  Vulcan  lion  Worki.  Chiuwo.  11 

fax  FS,.  21) 

1 

0    iieooo 

.» 

180 

.     .      IfiK    ,4S 

»,|» 

2M    pB 

OH 

10150 

is^ 

8»; 

la-  .q.  or  Td.  pil™ 

1M4 

42 

2 

la-'  »q.  or  td.  pil« 

8800 

3000 

10>i 

an 

7ft  Ua 

IH 

7>i 

13"  IKJ.  or  rd,  pil« 

3 

OfiOD 

SOOO 

lOh 

IM 

7>i 

13"aq,  orrd,  pile 

*soo 

30 

80      18 

IK 

BH 

10"  M.  or  rd.  pil« 

1340 

4 

24 

SO       8 

4M 

4"  X  12"  aheetin« 

G 

800 

«S 

10 

10 

* 

7M 

125      10 

' 

* 

UNION  PILB  HAMMERS 

M>nuf>ctt.riHl  by  Union  Iron  Wnrla,  Hobokon.  N. 

[. 

<>«  J^.  2a> 

13100 

3M0 

lis 

»    L    !..H 

2* 

100 

M) 

7.^1 

J 

28 

8H 

SOOO 

IMN 

M 

28       |18 

m 

an 

28 

18"  .q,  or  rd.  ptl» 

5600 

890 

7H 

iM 

OH 

14"  «i.  or  rd.  pila 

14 

ms 

IS 

^1)0 

23 

6M 

W  aq.  or  rd,  piha 

2600 

;tw 

00 

20       ill 

m 

20 

8"  X  12"  ahHtlni 

44 

4>i 

4"  X  12"  ih»tin« 

960 

lag 

H^ 

7 

2M) 

s 

«1 

41 

14 

S*i 

2"  X  12"  Bh»tloa 

S4S 

70 

10 

n 

2M 

G 

100 

it 

40 

H 

10 

3H 

l"xa"ah««tlii« 

135 

i.a 

ai 

111 

** 

3H 

'' 

300 

^ 

40 

H 

GOUBERT  STEAM  PILE  DRIVING  HAMMERS 
Manufactured  by  A.  A.  Goubort.  N«w  York.  N,  Y 

{a«  rig.  23) 

3 

1           1                      ' 
BOOO    IMO        70    29        17 

'l4 

140 

60    570 

^ 

24 

IS"  aq.  arcd.  pile* 

MOO    BOO      aa  M      ,i4 

m  |io 

IK 

23 

AM 

12"  aq.  or  rd.  pjki 

* 

WO      aOO        43    18        lOH 

20U 

10    120 

i>i 



4"alu»tiiic 

NATIONAL  STEAM  PILE  HAMMERS 

mN.J. 

. 

SOOO 

1500 

M 

M 

, 

18 

... 

„ 

800 

> 

» 

8H    . 

Med.  concrete  and 
18"  eq.  or  rd.  pUn 

S 

SMO 

1035 

»i 

24 

14 

12 

150 

SB 

TOO 

24 

14"  aq.  or  rd,  pil« 

s 

3800 

67B 

lA 

20 

I7W 

n 

200 

Ui 

20 

6M 

6"  X   12"    aheeUHK 

4 

1500 

am 

4H 

W 

aw 

1" 

.«) 

I 

4H 

4"  X  12"    BhMtinji 

« 

800 

145 

4S 

H« 

13M 

3H 

7 

350 

S 

76 

K 

14M 

3K 

3"  X  12"   aheeting 

McKIERNAN-TERRY  PILE  HAMMERS 

Maniifa<^tiir«d  bjr  MeKieman-Terry  DriU  Co..  IJ.w  Vor 

(.»  tit.  34> 

7SO0  'l350 

Jn     U 

IS 

1 
12        ^200 

W 

non 

J, 

21 

8U  lo  10 

18"   M.  or  rd.  pllei 

0300 

21 

10»i  ,210 

.» 

500 

21 

8M  tolC 

18"  «,.orRl.  pile 

BOOO 

W¥l 

7S 

21 

smo8>< 

2000 

9W 

R»f 

SB 

IM 

5Hto7>i 

8"  X  12"  ■beetlni 

200 

SB 

7 

7 

aoo 

flfl 

200 

11 

4>( 

4"  X  l2"iheeHn« 

MO 

ON 

58 

aoo 

(1 

400 

i7 

43 

7S 

9K 

^•^1. 

3M 

S 

lO 

'Z 

ii 

Ti, 

3"  X  8"  ibHtlni 
3"  X  10"  aheeUDK 

INGEItSOLI^RAND  SHEET  PILE  DRIVER 

Manii(»ctured  by  IngersoU-Rand  Co.,  New  York,  N 

Y. 

Ol 

laoo 

230 

sa 

llH 

„ 

7>i 

» 

,. 

- 

m    ... 

l4"XI3".b«dn.|, 

856 


HANDBOOK  OF  BUILDING  CONSTRUCTION 


[See.  8-7e 


.7c.  me  Capt,  Pc^ts,  and  Pullers. — With  timber  or  concrete  piles,  a  driving 
cap  is  used  between  hammer  and  pile  he&d.  This  cap  (Fig,  25)  consists  of  a  metal  block, 
one  side  of  which  is  concave,  the  other  recessed,  in  which  is  fitted  t.  round  wood  cushion  block. 
In  cross  section  it  resembles  a  drop  hammer  having  jaws  in  the  sides  to  engage  the  guides 
and  is  attached  to  the  hammer  by  rope  slinga.  When  a  cap  is  used,  the  hammer  base  is  flat, 
but  with  timber  piles,  if  no  cap  is  used,  the  base  is  concaved  to  fit  the  head  of  the  pile.  If  the 
^^j^  use  of  such  a  cap  is  insufficient  to  prevent  brooming  or 

1  ^^SiSd  \^^^  .        splitting  of  the  head  of  a  pile,  an  iron  ring,  made  from 
%       .»-«.*,  in      IB        fl^j  wrought  iron  from  2  X  ?i  in.  to  4  X  1  in.  may 
be  forced  over  it.     Such  rings  may  be  removed  and 
!T  again  many  times. 


PiU  PoirUi  or  Shoes. — Timber  piles  drive  better  in  ordinary  ground-  and  with  less  danger 
of  splitting  if  the  tip  is  square,  and  without  point  or  shoe.  This  also  gives  a  better  footing  to 
the  pile.  When  coarse  gravel,  bouldeia,  and  the  like  are  encountered,  the  pile  is  preferably 
pointed  to  reduce  splitting  and  crushing.  Likewise,  in  bard  compact  earth  which  must  be 
displaced,  pointing  is  found  to  give  better  results. 


a.  ST.— 8h«t  piUnc  eapa  of  th>  Jont*  A  Lauchlin  Co.           Fio.  ZR.— Sheet  |»nns  rap  of  Ih 

Carnegie  Bt«el  Co 

Metal  >ho«  ue  pravidrd  in  «oDi«  caK.  when  boulden,  riprap,  very  hard  d.y.  and  hardp 

TBral  typM  are  in  u«e.  but  the  type  wbicli  livea  tiquare  bearing  to  the  tip  of  the  pilf,  and  ahi 

sufficient  Bocket  to 

wke  the  pile  and  the  ehoe  art  tDErther.  ii  the  mcMt  deunible.     Some  ahoee  for  wood  pUee  are  ma 

dewitharodwblBh 

>  into  the  center  of  the  pilt  u  an  additional  mean*  of  holdins  pile  and  shoe  logether.     Thia  ro. 

i.  from  8  to  12  in. 

ni  and  requireg  that  proviaion  be  made  for  it  in  the  pile.     Piei^ut  concrete  pilea.  it  of  good  qu 

ali(y,ohouldnotr«- 

For  Sheet  Piling. — Caps  and  shoes  are  not  generally  required  for  timber  sheet  piling  as,  due 
to  their  section,  such  protection  is  not  necessary.    In  some  cases,  a  bolt  or  short  point  is  air 


See  e-7cl  CONSTRUCTION  EQUIPMENT  867 

tsched  but  as  a.  means  of  keepiDR  the  groove  clean  throughout  its  length  so  that  grouting  may  be 

employed  to  insure  a  tight  waterproof  joint  rather  than  as  a  penetrating  point. 

Bteel  sb»t  pilini  i«quina  no  ahoa  «  it 
will  cut  iU  -Kwy  thinuvh  kloioat  uny  mmt«risl 
but  hull  roclc  nod  ths  tup  is  auSoiently  n- 
BiBt&Dt  to  withitKDd  ths  hknunsT  blows  with- 

Specisl  liiht  weight  hnmmen  havings  lectao- 
gulir  shftped  aovil  blaoli  slightly  ■borlar  thu 
the  ■haetiog.  ire  uied  for  driving. 


y       I 


ih«t  piling  with  inrertwl  hi 


-Pulling  ileel  ihest  piling  nriCh  in' 
McKi«n»n-TsTTy  DriU  Co..  N. 


Fia.  30.— Sheet  piUn|  puller. 


Fia.  Sl.—Ondy  (rile  puller.    J.  E.  Gr»dy,  fto.  33.— Bnice-M«cbeth  piling  puller,     B 

Cleveland.  Ohio,  Engine  Co.,  Cleveland,  Ohio, 


With  eteel  iheel  piling,  «pg  ue  used  when  neceeeary  to  fit  the  piling  ihapea  to  the  vwioiu  type*  at  hamman. 
Such  cape  are  attached  to  the  bamnier  with  rope  ilingi^  and  where  guidea  are  used,  the  cap  is  equipped  with  jaw*. 
The  cai*  serve  not  only  to  distribute  the  blow  and  to  lessen  passible  injury  to  th«  top  of  tbepile  but  also  to  k«ep  the 
piling  In  poHtioo  (Pig*.  26.  27.  and  W). 
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Putting, — Piles  and  sheet  piling,  particularly  steel  sheet  piling,  are  preferably  removed 
when  that  part  of  the  work  for  which  they  were  used  has  been  completed.  Piling  may  be 
removed  by  jacks,  or  by  inverting  the  hammer  if  a  steam  or  air  hammer  is  used,  or  by  levers. 

In  the  oaae  of  round  piles,  a  sling  is  put  around  the  head  and  attached  to  a  long  lever,  this  lever  being  operated 
by  derriok,  ja^ks.  or  some  other  convenient  means  with  new  hitches  taken  ss  the  piling  moves.  Often  it  is  neces- 
sary to  strike  a  few  blows  with  the  hammer  to  start  a  pile,  or  else  to  keep  the  sling  taut  for  some  time  before  the 
pile  begins  to  move.  Concrete  piles  are  not  used  for  temporary  construction  work  and  rarely  have  to  be  removed, 
though  the  same  general  procedure  outlined  above  would  be  applicable  to  them. 

Pulling  of  sheet  piUng  is  done  either  with  levers,  hydraulic  jaeks,  or  by  mverting  a  steam  hammer  (Fig.  29). 
With  either  of  these  appliances  a  yoke  of  steel  plates  having  holes  drilled  in  it  to  correspond  with  holes  in  the 
piling,  is  fastened  to  the  latter  by  bolts  (Fig.  30).  The  uppn  end  of  the  yoke  is  attached  to  the  lever  or  hammer 
and  power  applied.  Patented  pullers  are  also  used.  Several  are  shown  herewith  whose  aperations  may  be 
readily  understood.  The  principle  of  these  putfers  is  that  the  greater  the  effort  exerted,  the  greater  the  grip 
and  the  quicker  and  easier  the  release  after  pulling. 


PUMPING  EQUIPMEirr 
By  Nathan  C.  Johnson 

Water  in  excavations  or  in  footings  or  trenches  must  be  removed  by  pumping.  The  size 
and  type  of  pump  to  be  provided  for  this  purpose  will  depend  on  the  amount  of  water  acciimu- 
lated  or  flowing  in,  the  depth  of  cut,  and  the  character  of  power  available.  As  clearing 
away  such  water  is,  in  most  instances,  a  necessity,  the  cost  of  the  operation  is  a  secondary 
consideration. 

8.  Hand  Lift  Pumps. — For  small  amounts  of  water  and  low  lifts,  the  direct  lift  hand  p\imp 
may  be  employed.  As  this  pump  is  made  of  either  a  sheet-iron  tube  or  square  wooden  box 
having  an  ordinary  flap  valve  at  its  lower  end  with  a  piston  carrying  another  flap  valve  worked 
up  and  down  in  the  tube,  it  may  be  constructed  on  the  job,  but  it  is  slow  in  operation  and  easily 
clogged  by  refuse. 

0.  Diaphragm  Pomps. — ^A  better  type  of  pump  even  for  small  quantities  of  water  with  low 
lifts  is  the  diaphragm  pump.  It  consists  of  a  rubber  diaphragm  containing  a  flap  valve  mounted 
horizontally  in  a  cast-iron  cylindrical  frame.  Connected  with  the  center  of  the  diaphragm  is  a 
pivoted  arm  which,  when  moved,  causes  the  diaphragm  to  act  as  a  piston  of  large  area  and  short 
stroke.  A  suction  line,  usually  of  rubber  hose  of  large  diameter,  connects  with  the  space,,  or 
cylinder,  beneath  the  diaphragm  piston.  These  pumps  are  preferably,  actuated  by  a  gasoline 
engine,  but  hand  or  motor  drive  may  be  had.  This  type  of  pump  will  not  become  clogged 
easily  and  will  pass  straw,  leaves,  etc.,  and  may  be  obtained  mounted  on  a  small  truck,  so  as  to 
be  portable. 

Hand  operated  diaphragm  pumps  have  a  capacity  of  30  to  100  gal.  per  min.  A  pump  of  60  gal.  per  minute 
capacity,  weighing  75  lb.,  will  cost  about  $36  not  including  strainer,  foot  valve,  and  hose.  These  are  extras  with 
ail  pumps. 

Qasoline  driven  diaphiagm  pumps  range  in  capacity  from  30  to  300  gal.  per  min.  Such  a  pump  mounted 
on  iron  skids  and  having  IfiO  gal.  per  min.  capacity  for  lift«  up  to  20  ft.,  will  weight  625  lb.  and  cost  about  $325. 
Truck  mounting  will  increase  the  weight  slightly  and  the  cost  about  $25. 

Hand  Operated  Diaphragm  Pumps* 


Number 

Sise  of  pipe 
suction 

Gallons  per 
stroke 

Gallons  per 
hour 

1 
2 
3 

2Hin. 

3  in. 

4  in. 

2H 

1800 
3500 
6000 

1  Capacity  based  on  40  strokes  per  minute. 


CONSTSVCTIOtf  EQUIPMENT 
Power  Operatkd  Diaphbaqu  Puups 
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..^          1 
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sooo 
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1075 

1200 

GS 

10.  Steun  (Siphon  Type)  Pumpa. — An  economical  steam-actuated  pump  much  used  in 
conatruction  work  operates  on  the  famiUar  ejector  plan.  Its  lift  is  limited  but  the  amount  of 
water  handled  ranges  from  5  to  200  gal.  a  minute  according  to  size  and  boiler  pressdre  avmlaiile 
for  its  operation.  Its  main  advantages  are  portability  and  freedom  from  breakdown,  as  there 
are  no  moving  parts. 

The  pump  proper  consists  of  a  discharge  pipe  open  at  both  ends.  Through  one  side  near 
the  bottom,  a  small  pipe  is  inserted  and  bent  up,  preferably  at  and  concentric  with  a  constriction 
in  the  internal  diameter  of  the  main  pipe.  The  other  end  of 
this  Emiall  pipe  is  connected  to  a  steam  boiler.  The  discharge 
pipe  dips  into  the  water  at  its  lower  end.  Steam  issuing  from 
the  small  tube  forms  a  vacuum  in  the  pipe  sufficient  to  lift 
water  to  the  constriction,  then  carries  it  up  and  out  through 
the  diachai^e. 
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11.  Pressure  Pumps. — For  removing  water  from    deep 
foundations,  pumps  of  high  lift  are  required.     Diaphragm  and 
pulsometer  pumpa  are  sometimes  used  in  unwatering  founda-  in'^'opmtU^"''p1Iu™jS"^tJSm 
tions,  the  latter  to  quite  an  extent,  but  centrifugal  or  steam    Punip  Co.,  N,  Y. 
cylinder  pumps  are  better  employed. 

llo.  Centrifugal  Pumps. — Centrifugal  pumps  comprise  a  circular  or  spiral 
casiDg  having  suction  at  the  center  with  discharge  at  the  outer  circumference.  They  are  made 
vertical  or  horiEontat,  but  the  latter  is  more  common  as  the  means  of  driving  isaimpler.  Inside 
the  casing  is  a  circular  disk  or  impeller,  provided  with  curved  vanes  which  revolve  at  high  speed 
throwing  the  water  outwardly,  so  that  it  escapes  under  pressure  through  the  discharge. 


Pumpi  of  thii  type  an  m» 
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Numbers,  Sizes,  Capacities,  Dimensions,  and  Weights  of  the  Improved  Puu^OMETEa 


Sises  of  pipes  (inches 


No. 


Steam    Suction 


Dis- 
charge 


Capacities  in  gallons  per  minute  at 
different  elevations  with  boiler 
I>ower  usually  provided 
(approximate) 


25  ft. 


60  ft. 


75  ft. 


100  ft. 


Horse 
I>ower  re- 
quired 


Dimensions  and 
weights 


Height 
(inches) 


Floor 

space 

(inches) 


Weight 
(pounds) 


2 
3 
4 
5 
6 
7 
8 
9 
10 


H 

IH 

IH 

25 

H 

2 

2 

70 

H 

2K 

2H 

125 

H 

3 

3 

200 

H 

3H 

3H 

350 

H 

4 

4 

450 

1 

6 

5 

750 

iH 

7 

6 

1100 

2 

8 

8 

2200 

22 

60 

105 

180 

315 

400 

675 

1000 

2000! 


18 

48 

00 

140 

240 

300 

500 

760 

1600 


13 
35 
70 
100 
160 
190 
350 
600 
1100 


4 

6 

6 

9 

12 

15 

25 

35 

70 


25 

14  X  13 

27 

17  X  14 

33 

19  X  19 

38 

21  X  22 

43 

23  X  24 

49 

25  X  26 

61 

32  X  33 

72 

38  X  36 

88 

62  X  46 

95 

140 

295 

430 

670 

746 

1376 

2100 

3800 


116.  Steam  Cylinder  Pumps. — Steam  pumps  for  medium  or  high  lifts  are  built 
in  great  variety,  from  small  donkey  pumps,  in  which  a  steam  actuated  piston  carries  on  its 
outer  end  a  water  piston  working  in  an  opposed  cylinder,  up  to  large  duplex  pumps,  both 
simple  and  compound,  for  higher  pressures  and  equivalent  lifts.  For  very  high  lifts,  triplex 
or  quadruplex  pumps  may  be  used,  but  these  are  of  the  rotating  shaft,  crank-driven  type. 

In  all  cylinder  and  plunger  pumps,  the  maximum  suction  head  is  about  20  ft.,  which  necessitates  the  pumping 
machinery  being  placed  at  that  height  above  intake,  lifting  beyond  this  being  produced  by  positive  pump  pressure 
odithe  discharge  side.  In  construction  work,  they  have  as  a  disadvantage  their  inability  to  handle  sand  or  grit, 
which  cuts  the  cylinders  and  valves.  Care  must  therefore  be  taken  with  their  use  to  provide  proper  sumps  and 
adequate  settlement  and  straining-out  of  refuse. 

lie.  Triplex  Pumps. — Triplex  pumps  consist  of  three  cylinders,  each  connected  to 
the  suction  and  discharge  lines  by  manifolds.  A  crank  shaft  with  cranks  set  120  deg.  apart 
operates  the  pistons.  Each  cylinder  has  its  own  inlet  and  outlet  valves  so  that  each  works 
independently  of  the  others.  Triplex  pumps  may  be  driven  by  belts,  steam,  or  gasoline  engines, 
or  by  electric  motors.     They  are  rated  as  slow  speed,  or  about  100  to  150  r.p.m. 

This  type  of  pump  is  used  for  high  heads  ranging  from  100  to  5(K)  ft.,  and  will  handle  from 
70  to  100  gal.  per  min.  They  are  mounted  on  a  solid  frame,  space  being  left  for  the  driving 
power. 


CONCRETE  EQUIPMENT 

By  Nathan  C.  Johnson 

12.  Handling  Forms  for  Concrete. ^ — Forms  should  be  so  designed  that  column  forms  may 
be  removed  first  without  disturbing  supports  of  beams  and  girders  in  order  to  give  early  strength 
to  columns  through  drying  and  hardening.  Beam  and  girder  slabs  are  next  taken  down,  with 
temporary  struts  having  wedged  bearing  against  planks  on  the  underside  as  temporary  sup- 
ports. Wall  forms  may  be  removed  when  the  concrete  is  suflSciently  hard  to  bear  its  own 
weight. 

Dependent  upon  the  size  of  the  form  panels,  their  weight,  and  the  headroom  available, 
one  or  another  method  of  handling  forms  may  be  adopted.  Derricks,  gin-poles,  and  winches, 
or  blocks  and  falls  enable  even  large  sections  to  be  readily  handled.  Smaller  sections  may  be 
better  handled  manually.  Initial  loosening  of  forms  may  be  brought  about  by  pinch  bars  or 
other  levers  by  pulling  with  blocks  and  falls,  or  by  jacks,  care  being  taken  not  to  pry  against 
green  concrete. 

*  For  forms  for  concrete,  see  Sect.  5,  Art.  39. 
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CONSTRUCTION  EQUIPMENT 


13,  Equipment  for  Bending  Reinforcement. 

13a.  Hand  Benders. — Fig.  34  ahows  the  Universal  bar  bender  which  may  be 
fastened  to  any  bench  or  plank.  It  is  a  light  portable  device  weighiDg  about  60  lb.  and  capable 
of  beading  all  ordinary  aizcB  of  reinforcing  bats  to  any  angle  desired  without  any  adjustment 
being  necessary.  The  top  half  of  the  bender  can  be  removed  and  used  to  bend  bars  after  they 
are  in  place.  The  bar  rolls  around  the  pin  in  bending,  thus  distributing  the  strain  along  the 
bar  and  reducing  the  chances  of  fracture  at  the  bend.  The  bender  ie  equipped  with  a  5-ft. 
crowbar  for  a  handle  which  may  be  removed  and  used  for  other  purposes.  To  bend  large  ban 
easily,  the  handle  should  be  lengthened  by  using  an  iron  pipe  over  the  crowbar. 


le  Wallace  Supplies  Mfg.  Co.,  Chicaio,  III..  Is 


Fio.  34.— Uaivankl  b»r  bender. 

A  bar  bender  d«*i(Ded  for  heavy  mirk  and  mBuutac 
(hova  in  Fis.  35.    Thii  machine  hai  an  audliary  ratchet  lever  which  operates  a  pinion  aiainst  a  eeriei  of  tooth 
in  the  frame  at  a  Ur(e  ratio,  thiu  developing  Brest  power.     The  ratchet  panel  may  be  thrown  out  of  engafomeBt 
•ad  maehine  operated  with  the  regular  lerer  for  light  work. 

18b.  Power  Operated  Benders. — Fig.  36  showsapoweroperatedtruckmounted 
bar  bender  designed  to  bend  any  size  of  reinforcing  rod  that  is  likely  to  be  used  in  building 
operations.     Any  size  of  bar  from  K  to  1>^  in.,  round,  square,  or  deformed,  can  be  bent  t«  any 


angle  desired;  or  spirals  formed  from  &-in.  diameter  to  any  required  size.  Weight,  complete, 
ready  for  shipment,  2700  lb.  The  machine  ia  manufactured  by  Kardong  Bros.,  Minoeapolia, 
Minn. 

14.  Hacfaine  va.  Hand-mixing. — Elxcept  in  relatively  small  quantities,  hand-mixing  of 
concrete  is  not  to  be  economically  considered.  Furthermore,  hand-mixing  is  inferior  to  ma- 
chine-mixing, with  no  comparison  in  quantity  output.  The  province  of  a  mixing  machine  ia 
essentially  the  thorough  incorporation  of  materials — one  of  the  fundamentals  in  the  production 
of  sound,  enduring  concrete.  Mixing,  therefore,  should  be  accorded  the  respect  due  its  impor- 
tance, and  the  beat  possible  means  chosen  for  its  accomplishment. 
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which  have  endured  and  are  on  the 
era,  trough  mixeri,  gravity  mixen,  and 


IB.  T^peB  of  Hlxers. — The  general  types  of  mix 

market  at  the  present  time  may  be  classified  as  drum 

pneumatic  mixers. 

15a.  Drum  Hlxen. — Drum  mixers  (Fig.  37}  are  essentially  of  a  type,  differing 

mainly  in  excellence  of  mechanical  construction  and  arrangement.    The  action  of  all  of  them 

is  about  the  same  so  far  as  mixing  is  concerned,  the  operation  being  accomplished  by  agitation, 

lifting,  and  pouring  of  the  several 
materials  by  blades  and  scoopa  at- 
tached to  the  inside  of  the  mixer 
drum.  With  the  exception  of  tilt- 
ing mixers,  discharge  of  the  mate- 
rials from  the  drum  is  accomplished 
by  inserting  a  trough  into  one  aide 
of  the  drum,  in  such  position  as  to 
catch  the  concrete  as  it  is  pound 
from  the  mixing  buckets.  Minor 
differences  in  charging  mechaniama 
and  arrangements  are  to  be  noted 
in  different  makes,  but  the  action 
of  all  is  eesentially  the  action  of  a 
churn,  in  which  capacity  they 
would  function  if  filled  with 
cream,  instead  of  with  stone,  sand. 


Fro.  37. — Dnii 


1  Fig.  38  is  typical.    Small  pot  mixers 


cement,  and  water. 

Of  the  low-charging  mixers,  the  mixer  shown  ii 
such  as  shown  in  Fig.  39  are  excellent  for  small  work. 

1Gb.  Trough  Hizera. — Trough  mixers  are  paddle  mixers  of  one  type  or  another. 
They  may  be  batch  mixers  of  the  shoveling  type  (Fig.  40)  or  continuous  mixers  (Fig.  ^1)  in 
which  a  sectional  screw  rotates  in  an  open  trough.  Continuous  mixers  have  not  met  as  general 
favor  as  have  batch  mixers  siiice  many  engineers  object  to  these  mixers  on  the  ground  of  un- 
certainty of  charging  operations. 

IBc.  Gravity  Mixers.— 
Gravity  mixers  are  essentially  a  series  o 
large  funnels  or  pans  suspended  oni 
(^ve  another  with  bottom  gates  which 
ean  be  opened  successively,  permitting 
materials  to  flow  from  one  into  the  other 
with  incidental  mixii^  to  a  greater  or  leas 
extent.  Gravity  mixers  are  often  urged 
in  preference  to  power-driven  mixers 
grounds  of  cheapness  in  operation  and 
low  first  cost,  permitting  their  being 
scrapped  when  worn;  but  many  engineers 
do   not   advocate   their   use   beeause  of 

the  inherent  uncertainty  of  their  mixi  ^ 

operation  and  oftentimes   the   require- 
ment of  detrimental  quantities  of  water  to  prevent  the  mass  atirking  in  the  pans. 

IM.  Pneumatic  Mixers.— Pneumatic  mixers  have  been  developed  by  various 
inventors.  At  the  present  time  there  are  two  main  types  on  the  market.  In  some  of  these 
machines  premixing  is  had  before  delivery,  either  mechanieally  or  by  the  agitation  of  air  pres- 
sure, while  in  others  the  charge  is  introduced  into  a  chamber,  dependence  of  mixing  being  placed 
on  what  may  happen  in  transit  through  pipes  under  the  delivering  air  pressure.  Pneumatic 
mixers  have  their  own  particular  field— that  of  placing  concretein  forms  where  access  la  particu- 
larly difficult  but  because  of  the  large  compressor  plant  which  must  be  installed  for  each  mixer. 


Secft-tft] 
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iukI  for  other  reoaons  whicb  are  valid  and  of  importance  in  many  cisnea  of  woHc,  their  um  te 
relatively  restricted. 

16.  UacIUiie  Mixing. 

16a.  Time  of  Wzer  Opentloni. — Considering  the  concreting  plant  proper  as 
an  installation  for  mixing  together  raw  mat«riAls  to  form  concrete,  the  plant  cycle  can  be 
conndered  as  complete  in  three  operations,  vie.,  charging,  mixing,  and  discharging. 

In  charging  and  discharging  the  mixer,  a  time  limit  is  imposed  both  by  the  physical  laws 
governing  the  flow  of  materials  from  one  con- 
tuner  to  another,  and  also  (in  the  case  of 
side-loading  hoppers  in  par- 


ticular) by  the  physical  limitations  of  operatives  and  of  the  mechanism  itself.  As  plant 
refinements  are  given  consideration  (particularly  with  regard  to  the  gravity  loading  of 
measuring  or  charging  hoppers  from  overhead  bins)  this  loading  time  is  diminished;  but 
when  a  side-loading  hopper,  or  a  measuring  hopper  is  charged  by  wheelbarrows,  the  time  is 
lengthened  more  or  less  according  to  the  perfection  of  the  runway  arrangements  and  the  speed 
at  which  the  men  work. 

16b.  Tima  of  Mixing. — Insufficient  time  is  given  to  the  mixing  operation  itself 
in  most  commercial  work.  Too 
king  a  period  may  possibly  be  in- 
dulged, but  it  usually  is  not;  and 
DO  feat  need  be  entertained  of 
iniuriog  the  concrete  by  a  mixing 
interval  up  to  and  including  30 
min.  Hie  mixing  operation  proper 
comprehends  not  only  admixture 
of  materials,  but  also  reaction  be- 
tween cement  and  water  with  dis- 
tribution of  the  products  of  this 
reaction  over  the  surfaces  of  sand 
and  atone.  The  time  required  for 
such  thorough  incorporation,  and, 
to  a  certain  extent,  for  the  hasten- 
ing of  the  reaction  between  cement  and  water,  depends  upon  the  adequacy  of  the  bladit^  and 
cleanness  of  the  mixer.  Oftentimes  mixers  are  put  on  work  with  the  drum  half-choked 
with  concrete  or  full  of  holes,  or  the  blading  so  worn  that  they  cannot  handle  the  materials. 
Necessarily  such  mixers  will  not  produce  the  same  result  as  a  clean  mixer,  properly  bladed 
and  having  a  tight  drum.    Also,  mixera  are  not  all  equally  efBcient. 
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of  sood  «anBrel«,  tlutt  >  h»rd  m 


>d  lamt  rule  ■ppUobls  to  all  iimih  ouumt 
Inulcquats.     It  u  t*r  b«tt«,  wbenitla 
roughly  fitBt-cU™  job,  to  employ  more  miisre  even  mt  ■  bigbar  firat  eoat  lor  equipmcDt  and  work 

lo  get  out    concrete  oa  b  npid-flre  HhHlule.      The  UtUr 

not  only  ia  the  concrete  inadequately  Diued  and  the  cement 
JDBufficientEy  uaed,  but  alao  excetM  water  il  nearly  alwayi 
added  ]□  order  to  maLe  the  maaa  free-vorkinc  and  to  ^fimiwiah 
the  labor  ol  miriDf. 

16c.  Loading  the  Hixer. — Thera  an 
many  time  economies  that  may  be  effected  In  load- 
ing the  ch&rRe  of  m&teri&la  into  the  mixer.  VArioiu 
types  of  loading  mechanism  have  been  designed  to 
meet  diSeient  conditions  of  service  and  the  time 
cycle  of  each  is  different,  A  study  of  each  type 
will  show  ita  adaptability  to  particular  needs. 

Cluirgitv  Happrri. — Where  a  charging  hopper  mounted 

'"'"miKt  f/iS^'  "■""I's"  on  on  the  miier  frame  ean  be  uiwd.  M  in  Fij.  *Z,  the  limlUtion 

to  charging  time  i>  dependent  upon  the  deaign  of  thia  hopper, 

w  of  iti  flidce  Hnd  upon  the  bih  of  opening  from  hopper  to  drum.      Inoimuch  aa  tbia  type  of 

X  il  uiually  loaded  by  gravity  from  auperpoeed  meaaurint  hoppera.  like  ■ 
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drum  mixat  ftnd  bluUui  ftbaut  thia  DptBioc  on  the  it 

oithin  tha  drum  from  k  reUtively  ttotH  hoppf  r  of  low  t 

■uch  miun  >D  inclined  runway  piBtform  of  3)i  to  3  ft'  i°  heigbt  iB 

in  ■  BmplifintioD  of  cluucini  »nd  the  •bHnce  of  hoiating  m^chBD 

f^i'j^a  oiwiktion.     FuitbftTinore,  tbne  matfainn  ore  reUtively  low 

thoroucb  mudiii  and  Ssiibitily  of  opcritlioii,  there  is  much  to  rei 
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il  the  drum  is  lo  diipoMd  u  to  dran  the  nuiteriaU 

led.     Their  advintagei.  t 


jpular  el 


leod  this  pniclice.  idMmuch 


lien  sU  puts  ol  the  woik  are  demutdlDg  so 


ltd.  HMBiiring  Haterlals. — It  ia  often  taken  for  granted  that  measuremeDt  of 
materials  for  a  concrete  batch  b  of  Uttle  or  no  importance  and  that  it  can  be  accompliahed  in 
almost  any  way.  It  is  probable  that  the  average  mix  varies  at  least  50%  in  its  proportions 
from  those  desired,  and  for  thia  reason  alooe  it  ia  not  to  be  wondered  that  much  concrete  found 
an  every  hand  is  so  variable  in  quality. 


Uaterikli  ihould  be  meuured  either  in  bottoml 


of  their  baUno 


eelban 


ir  likei 


thw  are  not  atrucli,  or  where  there 

of  the  aand,  the  quantitiee  of  mi 
obWlMd  per  batch  will  be  found  ( 
infflr  TmriabJe. 

IT.  Transporting  and  Placing 
CoBCTflta. — Providing  means  for 
tntnaporting  mixed  concrete  and 
'  for  placing  it  properly  in  forms, 
bath  in  first  coat  and  in  ultimate  _ 

effect,  rank  equal  in  importance  

with  the  operations  of  proportioning,  and  of  mixing  raw  materials. 
only  an  the  raw  materials  to  be  handled  and  oftentimes  conveyed  to  considerable  distances, 
but  in  addition  this  must  be  done  at  low  unit  cost  and  in  such  a  manner  and  so  expeditiously 
as  to  protect  the  mixed  mass  from  injury. 

Tha  maans  uaually  adopted  for  the  oonveyance  and  placing  oI  concrete  are  aome  aort  of  bucket  or  el«e  open 
■pouts  or  ghutea  throuah  which  the  concrete  floOB  by  iravity  after  beinK  hoiated  from  the  miier  in  a  tower,  or 
da>  is  baiTow*  or  carta.  The  particular  meana  adopted  in  any  cue.  nill  depend  upon  the  liie  of  the  operation, 
opoa  the  phj>ieal  condiciona  attendant,  and  upon  the  financial  limitaiioua  to  plant  impoaed  by  oommenial 
lOT^mtlnn 

ITo.  Barrows. — As  affecting  perhaps  the  great  bulk  of  concrete  used  today,  it  will 
be  proper  to  first  consider  the  use  of  barrows.  Thia  method  involves  less  original  plant  outlay 
than  the  others  before  enumerated.  In  many  instances,  the  cost  of  installation  of  an  elaborate 
plant  would  cover  not  only  the  cost  of  the  barrows  themselves,  but  a  great  part  of  the  entire 
eoet  of  distribution  of  the  concrete  by  other  means. 

Tb«  ordinary  wheelbarrow  havina  a  flst  pan  ia  not  well  adapUd  to  the  diatribution  of  coDonta.  In  aueh 
abWTOw  a  man  can  handle  about  l>i  to  3  cu.  It.  at  mined  eoDcrete.  Thia  load  he  can  wheel  about  25  It.  every 
3  rain.,  the  objection  to  the  pan  wheelbarrow  being  that  the  man'a  working  rate  ia  neceBearily  cut  down  by  the  can 
whleh  ia  required  Co  keep  the  material*  from  aloppiug  over  the 
a  large  proportion  oi  the  weight  of  the  load  ia  on  tbe  man's  arn 
hare  bean  de^ctMd  to  ovaroome  thia  difficulty,  but  have  not  whi 


aide*.  Furthermore  by  the  deeign  ol  tl 
IS,  rather  than  on  the  wheel.  Deep  pai 
illy  accotnpliBhed  the  desired  end. 


176.  Concrete  Carts. — Two-wheel  concrete  carts  (Fig.  45)  are  better  adapted 
to  this  work  than  wheelbarrows,  both  because  they  can  carry  a  larger  load  and  also  because  this 
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load  is  balanced  on  the  wheels  themselves  with  little  or  do  strain  on  the  man.  The  uattal  two- 
wheel  concrete  car  is  of  6-<ni.  ft.  capacity  in  which  about  4>j  cu.  ft.  6f  mixed  concrete  can  be  carried 
by  one  man. 

Id  this  comparison  there  are,  however,  certain  cost  offaeta  to  be  made.  Wheelbarrowa 
require  leas  scaffolding  than  do  the  heavier  and  wider  carts,  so  that  the  coM,  of  this  mnway  must 
be  carefully  estimated.  When  runways  roust  be  elevated,  the  showing  becomes  more  favorable 
for  carts,  as  bents  or  supports  for  wheelbarrowa  must  be  practicallyof  the  same  sice  and  strength 
as  those  for  carts.  Turnouts  and  gangways  must  in  both  coses  be  of  ample  width  so  that  there 
may  notbe  congestion  in  the  passing  of  full  and  unpty 
carts  going  to  and  returning  from  the  forms. 

17e.  Buckets. — There  is  a  great  variety 
1  types  of  buckets  adapted  to  the  distribution  of 
concrete.  Some  of  these  buckets  are  straight-side 
skips,  as  in  Fig.  10,  p.  S42  adapted  to  dump  by  over- 
turning. Others  are  bottom  dumping  buckets  oper- 
ated by  a  man  at  the  form ;  and  these  bottom  dump- 
ing buckets  may  be  of  various  patterns,  adapted  to 
some  particular  use.  An  example  of  this  sort  of 
bucket  is  shown  in  Fig.  11,  p.  842,  in  which  the 
bottom  is  so  constructed  as  to  form  a  long  narrow 
opening,  actuated  through  a  powerful  lever  mechan- 
A  great  variety  of  these  devices  is  on  the 
market  and  the  needs  of  each  particular  situation 
must  be  studied  and  met  by  as  specialised  a  product 
for  that  use  as  financial  considerations  will  permit. 

17d.  Spouts  or  Chutes. — The  handling 
of  concrete  through  spouts  or  chutes  at  the  present 
time  is  in  more  extensive  use  than  any  of  the  forego- 
ing methods  of  distribution,  with  the  possible  excep- 
tion of  distribution  in  carts.  The  economic  features  of  spouting  are  attractive.  To  raise 
concrete  vertically  in  a  tower  by  means  of  a  skip  bucket  and  engine  located  at  the  central  mixer 
plant,  then  distributing  by  gravity  through  channels  which  can  be  arranged  in  convenient  sec- 
tions to  cover  any  area  with  a  radius  from  10  to  300  ft.  from  the  base  of  the  tower,  appeals 
strongly  both  to  engineering  and  to  business  sense.  Further,  the  ease  of  handling  by  gravity 
is  usually  greater  and  the  time  cost  per  cubic  yard  for  placing  is  usually  less  than  in  transfer- 
ring the  same  quantity  of  material  in  hand-barrows,  in  cableway  buckets,  or  in  cars.  Yet  in 
spite  of  its  many  good  points,  the  convenience  of  spouting  has  brought  about  many  abuses. 


Furthermora,  it  i> 

thorough  ADd  UDil^ 

■laa  muat  be  craato 
ly  ■  ihort  diaUDM, 


Eiibed  aiB  bued  up<j 


ofadriu 


pitch  tbrouehout; 


better  to  incremae  tb 

17e.  Sections  Used  in  Spouting. — It  is  desirable  that  concrete  spouting  be 
arranged  in  a  series  of  units  which  may  be  assembled  in  various  combinations.  Continuous- 
line  spouting  should  be  changeable  to  swivel-head,  or  swivel-head  to  continuouS'line,  as  the 
conditions  of  the  work  require,  it  being  necessary,  of  course,  to  have  in  stock  a  supply  of  the 
necessary  units.  This  intcrchangeability  is  of  great  value  in  ser\-ice,  for  spouts  wear  at  the 
head  and  toot  of  each  unit  of  length.  By  reversing  a  trough  section,  end  for  end,  when  showing 
heavy  wear  at  one  point,  a  new,  unworn  surface  may  be  put  at  point  of  greatest  wear. 

A  standard  trough  section  is  made  of  No.  14  gage  steel,  forming  a  trough  8>i  in.  deep  by 
10  ia  wide  on  top.    The  bottom  is  curved  to  practically  a  semicircle  of  4-in.  radius,  the  upper 
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part  oi  the  eidea  being  straight  and  tangent  to  the  curve.     Each  section  is  punched  with  stand- 
&rd  spacing,  arranged  for  connecting  all  of  the  various  attachments. 

The  hopper  head  attached  at  one  end  for  receiving  the  concrete  from  the  bin,  or  from  an 
upper  trough  section,  forms  one  point  of  support  of  the  next  trough  section.  At  the  other  end 
is  the  splash  hood.  Byfastening  the  hopper  head  to  the  troughsectionatoneend,  and  the  Bplash 
hood  at  the  other,  we  have  the  complete  trough  section.  Fig.  46.  These  24  X  24-in.  hopper 
heads,  as  well  aa  the  splash  hoods,  can  be  bolted  to  cither  end  of  any  standard  trough  section. 


Fio.  40.— Com  pis  M  trough 

SModard  troush  IMtioni  sn  joined  (or  oontinuous-liDe  ipoutisg  by  baltiog  tocdher  their  ausle-iron  yokea 
flanaca  uid  bolcina  on  the  compreUioa  plate  ptu-l.  Thus,  leverHl  sections  are  joined  together,  with  •  hopper 
Ml  kt  one  end  of  the  entire  group,  and  s  ipluh  hood  s(  the  other  end. 

sd  (poutini  uid  sbaws  one  of  these  joints,  in  which  the  upper  lias  of  spouting  is  supported  by  >  Isll  and  tackle 
adiad  to  the  bail  on  the  splash  boodi  while  ibe  tower  line  iseupporlsd  by  the  swivel-hook,  coanectinf  the  lower 


In  Kime  nun  it  it  dfalnUe  to  hsve  a  Seiibl*  jo 
an  put  toaether  in  a  diRereDt  msoner.  Fig.  *S.  v 
•ith.     The  huiger  ptste  is  here  used  in  eoojunction  with  a  special  yoke,  after  one  of  the  sngle-iron  j 
remand.     Thisallowsaslight  raavenient  sideways,  without  requiriailheatlachmentslor  the  >ttivel-h 

Various  tjpes  of  apoutiDg  have  been  tried,  rangiog  from  round  pipe  to  rectangular  troughs. 
ha**  bMB  waurad  from  the  useo(6-in,  pips,  ot  lO-ic.  open  troughs,  the  latter  having  the  preference 
asd  th*  formar  wtUN  Umc*  it  BMMilty  (or  nrylDC  piteh,  witli  a  likdlhood  ol  (iMpcr  plteh  thiD  nam' 
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w  of  nmiiinc  hoppera  (Fig,  46).  io  conaeot 

icagiry  eh»D(e»  in  pitch. 

•a  in  apoutiot  pluU  an  fint  eott.  inatklUUi 


ion  with  Otiibla  ipoutiDi  (Fia.  90) 
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EhaDceablei  and  there  ue  □ 
riveta  ectcndinc  tbrouch  Ihs 
jont  bolta  or  riveta  punUK  th 
Banie*.  and  Ibe  advantace  < 
poMibla  noeiral  of  work  *eo' 


Thli  type 


17/.  Hoists. — Whether  the  distribution 
is  by  spouts,  by  carts,  or  by  barrows,  it  has  become 
general  practice  on  all  work  extendii^  above  ground 
to  hoist  the  concrete.  For  this  purpose  a  tower  is 
practically  indispensable. 

It  will  ordinarily  be  found  advisable  to  install 
the  hoist  at  the  beginning  of  operations,  since  by  bo 
doing  the  mixer  may  readily  be  set  so  that  the  opera- 
tion of  charging  may  be  facilitated,  principally  by 
cutting  out  inclines,  with  resultant  saving  in  labor. 

Toneis  are  constructed  of  steel  or  wood.  The 
hoist  bucket  should  be  constructed  on  the  simplest 
lines  without  catches  or  trips.  A  substantial  bail 
made  of  two  3-in.  Z-bars  back  to  back,  is  arranged 
to  operate  between  two  5^-in.  wooden  guides,  and  is 
fitted  at  the  lower  end  with  journals  in  which  rests 
the  bucket  trunnion.  In  setting  up  the  tower  and 
bucket  it  is  advisable  in  all  cases  to  set  the  bucket  so 
that  it  is  balanced,  and  to  this  end  the  front  guide 
3  should  be  so  set  as  to  be  almost  in  contact  with  the 
nose  of  the  bucket  when  the  latter  is  pushed  back  t«  a 
point  where  the  load  will  tend  sightly  to  press  the 
stops  on  the  sides  of  the  bucket  backward  against  the 
bail.  Friction  of  the  nose  against  the  guides  is,  by 
this  means,  cut  down.  By  removing  the  front  guide 
at  any  point  in  the  height  of  the  tower,  and  placing  a 
block  on  the  back  of  the  tatter,  the  bucket  is  canted 
forward  so  that  it  will  drop  its  contents  out  through  the  opening  made  by  the  removal  of  the 
front  guide.  The  bucket  automatically  rights  itself,  and  is  pulled  back  into  position  by  the 
wdgbt  of  the  bail  when  the  operator  releoaee  the  brake. 


Flo.  S2. — T^rieal  hoiit. 
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A  tyinoal  hoist  is  shown  in  Fic-  52,  operating  in  connection  with  a  mixer,  the  power  being  taken  ^m  an 
extension  of  the  mixer  shaft.  The  power  equipment  of  the  latter  should  be  of  suflBcient  capaeity  to  operate  both 
mixer  and  hoist  at  the  same  time. 

At  any  desired  height  a  bin  or  hopper  is  set,  into  which  the  material  is  discharged  by  the  hoist  bucket.  From 
tliis  point  distribution  may  be  effected  by  wheelbarrow,  cart,  car,  or  spout,  either  separately  or  in  combination. 

The  gate  of  the  hopper,  unde**  manual  contiol,  regulates  the  flow. 

• 

17^.  Spouting  Plants. — Spouting  plants  may  be  classed  as  boom  plant8f  guy4ine  planU,  and 
tower  plants. 

Boom  Plants, — In  boom  plants,  the  first  and  second  sections  of  spouting  are  mounted  on  a 
bracket  attached  to  the  hoisting  tower,  the  free  end  being  moved  by  tag  lines  to  the  position 
desired.  This  rig  offers  advantages  of  flexibility  and  freedom  of  movement  not  often  obtained 
in  placing  concrete.  Oftentimes  open-throated  booms  (through  which  the  first  section  of 
spouting  is  carried)  are  used,  these  having  the  advantage  of  lending  lateral  stability  to  the  spout 
itself  as  well  as  of  economizing  space. 

Tower  Plants. — ^Tower  plants  are  qf  like  general  feature,  but  the  spouting  line  is  supported 
at  ends  of  successive  sections  by  movable  towers  or  tripods.  A  plant  of  this  kind  is  less  flexible 
than  a  boom  plant,  but  is  more  flexible  than  a  guy-line  plant,  inasmuch  as  the  various  supports 
in  the  line  may  be  moved  successively,  rendering  possible  the  covering  of  a  very  wide  area  from 
a  single  hoisting  tower.  A  guy-line  plant,  on  the  contrary',  requires  under  like  circumstances 
that  the  whole  line  be  dismantled  and  set  up  again  in  the  new  location. 

Ouy-line  Plants. — In  guy-line  plants,  the  spout  is  suspended  by  blocks  and  falls  from  guy 
lines,  or  special  cables  suspended  between  towers,  or  other,  supports  especially  set  up  for  the 
purpose.  The  advantage  of  this  type  of  spouting  plant  lies  in  its  ready  adaptability.  It  is 
limited,  however,  in  lateral  movements  unless  its  deficiencies  are  supplemented  by  take-offs 
at  various  points  with  small  boom  plants  or  supplementary  guy-line  plants. 

Combinations  of  Spouting  Systems. — Combinations  of  the  above  systems  are  used  advan- 
tageously in  one  way  and  another  in  order  to  surmount  special  obstacles.  Among  such  com- 
binations may  be  mentioned  a  rehoisting  tower  which  permits  covering  a  wider  area.  In  such 
a  plant  the  concrete  is  distributed  from  mixer  and  first  tower  through  chutes  to  a  hopper  at  the 
base  of  the  second  tower,  when  it  is  again  elevated  and  distributed  throughout  the  work.  A  care- 
ful study  is  required  in  order  to  make  spouting  plants  thoroughly  effective;  and  this  study 
should  always  be  made  before  the  job  is  started  to  make  sure  that  the  proper  radius  of  delivery 
and  best  arrangement  is  secured. 

Regulating  Flow  of  Concrete  in  Spouting  Plants. — It  is  quite  essential  for  the  proper  operation 
of  the  spouting  plant  that  concrete  should  be  u  niformly  and  continuously  carried  down  the  chutes. 
To  this  end  a  receiving  hopper  is  placed  at  the  head  of  the  elevating  tower,  with  a  man  in  control 
of  its  gate.  Upon  this  man  then  depends  to  a  large  extent  the  success  of  the  operation.  If  he 
permits  a  proper  amount  of  material  to  flow  into  the  chutes,  they  can  usually  be  relied  upon  to 
carry  it  freely  providing  they  are  disposed  at  proper  inclination.  If  he  sees  the  line  becoming 
choked,  upon  his  slackening  or  shutting  off  the  delivery  depends  either  a  speedy  clearing  of  the 
line  with  relatively  continuous  operation,  or  shutting  down  for  an  indefiite  period. 


WOOD  WORKING  EQUIPMENT 

By  Nathan  C.  Johnson 

18.  Power  Saws. — Air,  gasoline,  or  electric  power  saw^s  will  be  found  economical  on  any  job 
where  wood  is  employed  to  any  great  extent.  Two  types  of  saws  are  available — one,  a  simple 
rotary  saw  mounted  in  a  small  frame;  and  the  other,  a  more  complete  unit  suited  to  all  usual 
wood-working  requirements  of  field  work. 

A  simple  portable  outfit  consists  of  an  electric  motor,  air,  or  gasoline  engine  together  with  a  table  or  supportinc 
base  and  the  saw  mandrel  or  arbor.  The  motive  power  is  mounted  on  the  base  under  the  table  and  belt  connected 
to  the  arbor.     A  rip  or  croee-out  saw  of  from  12  to  24  in.  may  be  placed  on  the  mandrel. 

Table  band  saws  may  be  employed  where  the  material  is  not  of  large  dimensions  and  where  irregular  Bhama  < 
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to  be  cut.     Circular  rip  or  oroaa-cut  saws  will  be  found  more  serviceable  than  band  saws  on  jobs  using  large  material 
in  strsigbt  work. 

19.  Jointers. — ^Jointers  will  be  found  useful  where  many  close  fitting  joints  are  required 
and  may  be  obtained  as  a  portable  unit  similar  in  general  features  to  the  table  cross-cut  saw. 

80.  Combination  Machines. — Ck)mbination  machines  including  all  the  above  units  may  be 
obtained  from  a  number  of  manufacturers,  and  have  proven  their  worth.  A  typical  machine 
carries  the  following  equipment:  18-in.  cross-cut  and  rip  saws,  boring  attachment,  6-in. 
cylinderical  jointers,  IQ-in.  emery  wheel,  saw-table  with  adjustable  gages  for  rip  and  cross-cut 
work,  and  a  6-hp.  gasoline  engine.  This  machine  has  ripping  ability  up  to  6-in.  lumber  and 
weighs  2400  lb.    The  weight  of  such  a  machine  is  prohibitive  of  easy  portability. 

Other  outfits  may  be  obtained  having  different  attachments,  such  as  circular  and  band  saws  combined.  A 
maehine  weighing  700  lb.,  which  can  be  easily  moved  about  by  one  or  two  men,  is  equipped  with  10-in.  croas-out  or 
rip  saw,  4-in.  jointer,  boring  machine,  6-in.  emery  wheel,  jig-saw,  8-in.  Dado  head,  and  4-hp.  gasoline  engine. 
The  riae  of  the  table  is  40  X  42  in. 

Data  on  typical  saw  outfits  of  these  heavy  and  light  types  are  given  below : 

Sise  of  wheels 36  in.  27  in.  20  in. 

Siae  of  Uble 28  X  32  in.  22  X  26  in.  22  X  18  in. 

Diatanoe  from  saw  to  frame 36  in.  27  in.  20  in. 

Quide  raises  above  table 14  in.  12  in.  9  in. 

Length  of  blade 18  ft.  6  in.  14  ft.  10  ft.  6  in. 

Sise  of  tight  and  loose  pulleys 12  X  4  in.  10  X  3H  in.  7X    3  in. 

Speed  of  pulleys,  r.p.m 400-450  400-450  400-^50 

Shipping  weight 1150  700  425 

81.  Electric  and  Air  Driven  Boring  Machines. — Portable  boring  machines  for  wood  work- 
ing are  most  useful  appliances  and  save  much  time  and  labor.  These  are  fully  described  under 
"Steel  Erection  Equipment/'  the  same  machines  accommodating  both  steel  and  wood-working 
drills  and  bits.  In  use,  the  machine  is  held  against  the  work  by  the  operator,  as  no  positive 
high  pressure  is  needed  on  the  drill  bit,  as  in  boring  steel.  Such  portable  wood  drills  are  very 
convenient  in  use  and  work  rapidly. 


HOISTS,  DERRICKS,  AND  SCAFFOLDS 
By  Nathan  C.  Johnson 

28.  Hoists. — Hoists,  whether  actuated  by  hand  or  by  power,  are  devices  of  the  highest 
importance  to  all  building  operations.  Their  origin  is  unknown,  but  even  the  constructions 
of  remotest  antiquity  seem  to  bear  witness  to  their  use;  and  early  records  show  that  ancient 
hoists  contained  all  essentials  characteristic  of  the  present  day  refined  mechanisms. 

Hoists  of  today  are  classified  according  to  the  service  for  which  they  are  ueed,  as  elevator 
or  pile  driver  hoists,  and  also  according  to  the  number  of  drums  employed,  as  one-dnmi  or  two- 
drum  hoists.  In  addition,  steam  shovels,  locomotive  cranes,  pile  drivers,  and  other  pieces  of 
construction  equipment  are  provided  with  auxiliary  winding  drums  or  niggerheads  designed  to 
serve  as  hoisting  means  for  any  purpose  required;  and  these  may  or  may  not  carry  a  classi- 
fying name,  according  to  local  usage,  or  may  simply  be  termed  ''drums,"  "niggerheads,"  or 
"hoists." 

82a.  Power  for  Hoists. — Steam  power  is  generally  employed  to  actuate  hoists  and 
other  parts  of  these  heavier  machines,  such  as  shovels,  cranes,  and  pile  drivers,  as  a  steam  boiler 
and  engine  make  a  complete  and  very  reliable  unit.  Usually  also  these  boilers  are  supplied 
mounted  integrally  on  the  frame  with  the  engine  and  drums  to  give  counterbalancing  weight, 
this  being  especially  needed  in  cranes  and  pile  drivers. 

Electric  motors  find  almost  universal  application  on  building  elevators,  both  during  and 
after  construction,  as  they  make  a  lighter  unit,  occupy  less  floor  space,  and  dispense  with  the 
■moke  and  dirt  of  the  steam  unit. 

Gasoline  engines  have  been  finding  increasing  favor  in  the  last  four  years  for  driving  one  or 
two-dnun   hoists.    They  give  a  light,  portable,  independent  unit  capable  of  good  service. 


HANDBOOK  OF  BVILDINO  CONSTRUCTION 


The  drums  may  be  either  connected  direct  to  the  engine,  < 
lighten  the  driving  unit  through  reductioa  of  speed. 


'  driven  through  chains  or  geaiB  to 


hoists  TFigh  about  300  lb.,  kod  h«v 
iim   apicity  of  100  ft.  of  >i-in.  at 

In  pTBcticslly  wH  power  bnsta  etoBpl 
CCOThcade,  anil  regardZaa  of  th«  tyi 
wer  employed,  the  drum   (Fig.  S3) 
)t-iron     spool     fitted    with    ■    ratchet 


Fia.  63.— Sectit 


m,  Clyde  Iron  Worl 


on  ■  shsft  to  which  i>  keyed  the  drivini  lesr  sod  the 
pniCive  portion  of  the  clutch.  la  operation,  by 
mniu  of  ■  hindle  operating  throuah  s  frietion  arrew, 
pin,  nod  croea  key.  the  drum  a  pushed  UterBlly  till 
the  two  parte  of  the  friction  clutch  are  engaged.  A 
qnioa  pla«d  between  the  drum  and  icar  ziVEs 
quick  and  positive  release  when  the  preaeure  on  the 
friction  screw  ia  removed.  A  band  brake,  Dperating 
when  the  clutch  ia  diaeofaced.  providea  meana  for 
lowerinc  loada  by  gravity. 

S2Ii.  Hand-operated  Hoists. — 

Hand-operated  hoista  may  be  the  block  and 
fall,  differential  pulley,  winch,  or  crab  (Fig. 
56).  In  the  first  two  types  mentioned,  no 
drum  ia  provided,  the  line  being  allowed  to 
lie  aa  it  is  hauled  in  or  ia  coiled.  With  the 
crab  and  winch,  a  drum  is  provided  which 
is  driven  through  gears  to  obtain  power  and 
speed  ratios  suited  to  the  loada  and  the 
number  of  lines  on  the  blocks. 

Hand-operated    hoiata   are    uaed    in    cramped 
quartera  or  where  the  load  ia  livhl,  though  with  the 
differential  pulley  or  block,  loads  aa  great  ta  l( 
may  be  handled,     Diflcrential  blocka 


33.  Derricks. — Where  means 
must  be  provided  to  bring  mate- 
rials either  from  below  the  ground 
or  to  carry  them  above,  this  need 
is  conveniently  supplied  by  a  der- 
rick. Two  types  of  derricks  are  in 
use,  their  difference  being  in  the 
means  of  supporting  the  mast  and 
angle  of  awing  of  the  boom. 

A  derrick  proper  consists  of  a 
mast,  boom,  bull  wheel  and  means 
of  supporting  the  mast.  Where 
the  mast  is  held  in  place  by  several  ropes  attached  to  a  ring  at  the  top,  it  is  known  as  a  gvj/ 
dariek  (Pig.  67);  where  two  solid  members  placed  at  an  angle  with  the  horicontal  are 
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uaed,  it  is  a  aliff-Ug  derridt.  The  moat,  boom,  and  legs  may  be  either  a  solid  stick  of  timber 
or  built  up  of  latticed  structural  steel  shapes.  The  bull  wheel  used  in  swingi:^  the  mast  ia 
Kenerally  built  up  of  structural  steel. 

What  is  known  as  the  Chicago  boom  (Fig.  58)  is  simply  &  boom  mounted  on  the  side  of  an 
adjoining  building  or  to  one  of  the  columns  of  the 
structure  itself.     This  does  away  with  the  space 
occupied  by  a  free  derrick  and,  in  some  situations, 
has  its  advantages,  but  is  not  to  be  generally  n 
mended. 

Other  means  of  hoisting,  though  not  called  der- 
rieka,  may  be  regarded  under  the  same  classification 
and  are  the  A'/rame  and  pin  pole. 


■d*ui(M*aoI 


I  •hortrr  thi 


Tbc  hufht  of  mut,  IcDsth  of  boom  and  lesB  of  >  denick 
pend  oDtheOBtunol  the  workindBpoceaviiUble. 

to  Uw  Hit.    In  minow  loli,  where  short  lensth  j 

lun  to  be  used,  the  itiff  leg  gem 

tsry.    Tba  boom  of  a  guy  demcl 

auM.     Id  the  alia-kK  derrick  the  boam  is  lonser  than  t 

and  tha  sncle  of  swing  Umited  to  270  deg.     With  the 

boom  the  awing  u  itiU  further  ratrictnl  to  ISO  d«B. 

The  proportions  of  the  memben  will  vnry  with  th< 
of  tlu  work  and  the  losda  to  be  handled.  A  guy  den 
would  navB  a  mut  of  12  X  12-in.  timber,  not  muoh  ove 
Unitha  may  be  obtained  but  ahould  eithei  be  truned.  or 

Two  dnima  and  ■  awinging  gear,  togt 
ailartiek.    The  ewingiDg  gear  may  be  on  a  Hpaiate  fram 
to  the  tame  aluda. 

Tlw  A-Aama  JtrrUk  ii  made  of  timber  in  the  ahape 

It  ie  alightjy  canted  toward  the  load  and 

fita  arc  readily  moved  from  place  to 
place  and  are  uaed  in  hoietine  atone  (or 
ailla,  etc.,  and  in  places  where  it  would 
b«  difficult  to  operate  ■  power  derrick. 
A  ait  pole  oonaiat*  either  of  a  stick 
of  timber  or  of  a  builVup  latticed  maet 
guyed  from  the  upper  end  by  two  or 
more  ropee.  The  hoisting  bbck  and 
tackle  ia  attached  to  the  top.  no  boom 
bdns  provided.     The  pole  ia  used  for 

mer,  and  for  other  purpooea  where  a 
atniight  lift  ia  sufficient.  The  lio  pole 
hoist  may  be  operated  either  by  hand  or 
by  power.  If  power  ie  used,  a  aingle 
drum  hoiat  ia  adequate. 

24.  Scaffolds. — In  practi- 
cally all  stages  of  construction 
work,  from  foundations  to  paint, 
scaffolds  are  employed.  Make- 
shift scaffolds  have  been  used 
from  earliest  times,  but  of  late 
years,  as  building  operations  have  grown  more  complex,  the  design  and  construction  of  scaffolds 
have  received  more  attention;  and  several  special  devices  have  been  brought  out  with  a  view 
to  increasing  their  range  and  security. 

Beaffolds  may  eitlier  be  awung  from  aama  point  above  the  working  level  or  built  up  to  the  required  level  from 
a  firm  baae.  Either  type  ahouki  comply  with  aafety  laws,  not  only  lor  the  security  of  men  employed  on  theacaSold, 
bnt  also  lot  (hat  of  thoae  who  may  be  woricing  below.     Care  ahould  be  taken  t«  have  tbe  teaftokl  itself  sale  H  a 


:k,  Clyde  Iron  Worka,  Dulutb,  Mian. 


874  BANDBOOK  OP  BUILDINQ  COKSTftVCTIOIt  [Sm.  •-« 


Fia,  58, — Chicaao  boom. 


Fio.  GO. — Muicins  KsSold  with  tluublc  plstfi 
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In  BdditloD,  suanl  rsila.  struDc  about  4 
fiom  IsUinc  off.  Foot  baud*,  to  prevent  took  uii 
injury  ol  worken  bclaw,  should  b«  pUrfd  bo  ttiKl  n 

UvATy  canTifli  properly  supported,  wire,  netUnt,  j 


bote  the  platform,  ihould  aJao  be  provided  to 
flfule  from  beioff  Imoeked  {ram  the  icaffoid  i 

the  BcaSold,  overheui  proI«otioD  ehauld  kUo 
pUalud  pUtfarm  ure  the  rnesng  uied. 

-Two  main  types  of  suBpended  scaffold  ai 


Ma.  Suspended  Scafiolds. — Two  main  types  of  suspended  scaffold  are  in  general 
use.  One  is  that  commonly  used  by  painters,  consisting  of  a,  platform  supported  by  blocks 
and  falls  hung  from  iron  braces  at  the  cornice,  which 
braces  are  further  held  in  position  by  ropes  tied  back 
to  a  chimney  or  other  firm  anchorage.  Scaffold 
irons,  made  up  of  flat  rolled  stock  placed  at  each  end 
of  the  scafFold,  support  the  platform  and  also  have 
arms  to  hold  a  guard  rail. 

In  this  device,  platform  may  be  raised  and 
lowered  from  the  scaffold  through  blocks  and  falls, 
the  free  end  of  the  line  being  tied  around  the  block 
hook  to  hold  the  scaffold  in  position.  With  these 
scaffolds,  actuat«d  by  the  man  on  the  platform,  there  , 
is  some  danger  of  the  scaffold  falling  by  having  the 
rope  run  through  the  operator's  hand  too  rapidly,  or 
from  the  breaking  of  a  worn  out  rope;  and  such  acci- 
dents should  be  guarded  against  by  careful  operation 
and  frequent  inspections. 
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tion,  icaSohli  of  thia  type  are  not  much 

24b.  Fixed  Scaffolda. 

— Fixed  scaffolds  may  be  divided 
into  two  main  types — "pole"  and  "outrigger;"  and  in  buildings  up  to  about  5  stories  are 
the  ones  generally  used.  They  may  be  constructed  either  outside  or  inside  the  building  as  the 
nature  of  the  work  demands. 

Pole  leafoldi  ar«  so  called  because  they  are  built  up  of  poles,  or  scantlings  from  a  firm  base, 
geiKrally  the  ground  (fig.  61).  Under  this  classification  would  come  the  large  scaffolds  used 
in  erecting  walls,  etc.,  and  the  smaller  types,  as  horse  and  ladder  scaffolds,  where  the  working 
pUtform  ia  niaed  but  k  abort  distance,  as  in  painting  and  plastering  ceilings  and  the  like. 
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Scaffolds  built  up  for  wall  work  ahould  be  carefully  designed  for  all  loads  and  stoutly  braced  to 
prevent  any  tendency  to  collapse  under  side  loads,  such  as  wind,  etc.,  and  should  be  held  to 
the  building  in  some  manner.  Only  good  seasoned  lumber  should  be  employed  and  fastenings 
should  be  secure. 

Two  types  of  pole  scaffolds  are  found,  one  where  the  poles  are  run  up  as  units,  ledgers  and 
putlogs  being  placed  as  the  working 
platform  is  raised;  and  the  other  where 
two  poles  are  connected  together  by 
strips  nailed  securely  and  at  right  angles 
to  them.  These  strips  are  placed  at  dis- 
tances carreaponding  to  the  required 
lifts;  and  with  the  poles  form  rough 
ladders.  Ledgers  are  run  between  the 
strips  and  the  ladders  are  braced.  This 
type  of  scaffold  must  be  fastened  to  the  building,  which  is  generally  done  by  bracing  from 
the  windows.  In  general,  this  type  of  scaffold  is  not  used  in  heavy  work  but  rather  in  cases 
where  wall  areas  are  to  be  cleaned  or  painted. 
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florae  Scaffaidt. — The  mason's  horse  is  used  extensively 
in  the  construction  of  buildings,  as  they  are  light,  easily 
portable,  and  scaffolding  may  be  built  up  from  them 
quickly.  The  height  of  a  horse  ia  about  48  in.  and  by 
placing  one  on  top  of  the  other,  increases  may  be  obtained. 
Tiers  should  not  be  built  up  of  more  than  three  horses. 
When  tiers  are  built  up,  the  horses  should  be  placed  directly 
above  one  another  as  this  gives  the  greatest  amount  of 
stability  and  the  best  distribution  of  stress.  Horse  scaffolds  ^cj,^ 
may  be  built  up  from  the  ground,  floor,  or  outriggers.  Horse 
scaffolds  are  not  suitable  for  heavy  loads  nor  the  storage  of  any  amount  of  material.  PiobB- 
bly  more  carelessness  is  found  in  erecting  horse  scaffolds  than  in  other  types,  as  they  are  so 
easily  employed.  Fortunately,  their  use  is  restricted  to  small  heights  so  that  minor  accidents 
only  are  the  result. 

Outrigger  Seaffoldt. — Outrigger  scaffolds  are  so  called  bscauae  the  platform  is  supported 
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by  b«anu  fastened  to  the  floor  or  fr&me  work  of  the  building.  This  type  is  used  where  repairs 
are  to  be  made  at  some  auch  point  above  ground  level  that  it  would  not  be  ecoDomical  to  build 
np  from  the  ground,  and  suspended  scaSolde  could  not  be  used.  A  good  example  of  thia  ia  in 
the  repair  of  a  church  steeple  or  tower  of  a  building. 


STEEL  ERECTION  EQVIPHENT 
By  Nathan  C.  Johnbon 

Tools  and  appliances  required  for  the  erection  of  structural  steel  depend  upon  the  method 
ol  erection  used;  upon  the  type  and  size  of  the  structure;  upon  the  freedom  with  whicb 
operatioas  can  be  carried  on;  and  upon  local  uaagea  and  conditions. 

Urat  and  perhaps  foremost  in  all  structural  steel  erection  appliances 
oomes  the  use  of  hoisting  means  whereby  the  members  may  be  placed  in 
position  ready  for  field  bolting  and  riveting.  These  means  consist  of  blocks 
and  falls,  crabs,  winches,  derricks,  locomotive  cranes  and  travellers,  the 
latter  temporarily  erected  either  within  or  without  the  structural  frame 
itself.    All  of  these  have  been  treated  in  previous  chapters  of  this  section. 

In  the  bolting,  cutting,  chipping,  and  riveting  of  the  various  mem- 
bera,  a  variety  of  both  ordinary  and  special  tools  are  employed.  Ordinary 
hand  tools,  such  as  hammers,  chisels,  punches,  wrenches,  tongs,  etc.,  or 
■mall  hand  forges  for  heating  rivets  need  no  special  mention  but  if  data  on 
them  are  desired  the  handbook  of  the  American  Bridge  Company  will 
furnish  this  in  abundance.  Some  of  the  automatic  tools  driven  by  com- 
pressed air  or  by  electricity  will  be  described  aa  they  come  in  a  special  and 
highly  useful  class. 

n.  Air  Riveters. — Air  riveters  as  used  in  structural  steel  erection  are 
made  in  many  forms  to  meet  special  requirements.     They  comprise  a  shell  Piq.  64.— Aii  rivsMr. 
containing  the  working  parts,  the  piston  or  striking  member,  the  valves 
and  a  removable  steel  set  for  forming  the  head  of  the  rivet.     These  air  hammers  {Fig.  64) 
are  light  in  weight  and  portable. 

"nie  air  supply  is  controlled  through  a  throttle  valve  which  consists  of  a  piston  and  poppet  in 
combination,  acutated  by  a  trigger  attachment  on  the  handle.  Several  types  of  handles 
(Figs.  65  and  66)  are  supplied  to  meet  various  conditions,  their  design  not  changit^  tho 


Fia,  ^. — Opma  tvtw  faAndlt 
"Ijttle  DbthI'^  riveter. 


Fio.  67.— Air  dirfly. 


Operation  in  any  way.  By  this  arrangement  the  strength  of  blow  may  be  governed  by  the 
operator  from  a  light  tap  to  the  full  impact.  The  striking  piston  is  operated  through  a  cylin- 
drical valve  guide  placed  either  in  the  same  line  or  at  one  side  of,  but  parallel  to  the  piston. 

S6.  Air  and  Hand  Dollys. — A  dolly  is  in  effect  an  anvil  held  against  the  rivet  head.     It 
ntaj'  be  etther  a  long  bar  held  in  position  by  hand  or  may  be  a  separate  pneumatic  machine 
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(Fir.  67).  The  latter  tjrpe  will  give  better  results,  aait  k«eps  the  head  of  the  rivet  id  cootact 
and  avoida  the  jumping  so  common  when  a  hand  dolly  la  uaed,  but  the  hand  dolly  ia  mote 
convenient  for  general  field  use. 

37.  Air  Rivet  Sets. — A  rivel  «e(  is  a  small  die  of  tool  steel  fitted  into  the  end  of  the  riTet«r 

and  held  in  position  by  spring 
fingers  or  a  coiled  spring.  Hie 
rivet  set  ia  detachable  so  that 
change  from  one  size  or  style 
of  head  to  another  ia  quickly 
accomplished. 

S8.  All  Chipping  Tools.— 
Chipping  toola  are  chieels 
formed  to  socket  in  the  air 
hammer  barrel.  They  can  be 
obtained  ia  a  great  variety  of 
Hhapea  suited  to  any  desired 
purpose.  Chipping  with  air 
hammers  is  highly  efficient  as 
the  rapidity  of  blows  approxi- 
mates continuous  cutting, 
with  consequent  facility  in 
holding  the  tool  to  the  work. 

29.  Air  Drills.— AJT  drills 

for  drilling  either  wood  or  ateel 

)  types.     The  type  aa  shown  in  Fig.  69  ia  the  one  most  commonly  found. 


These  machines  may  also  be  used  for  reaming,  tapping,  etc.  Air  drills  are  driven  from  a 
crank  shaft  actuated  by  pistons.  The  valve  action  is  controlled  by  gearing  from  the  crank 
shaft;  and  air  is  admitted  from  the  supply  line  by  turning  a  sleeve  on  the  handle. 

30.  Electric  DriUs-^Fortablc  electric  drills  though  somewhat  heavier  and  for  a  given  weight- 
less powerful  than  air  drills,  give  excellent  results  for  drill  sizes  up  to  2-in.  diameter.  In 
these,  a  motor  through  gearing  drives  a  shaft  having  a  hollow  taper  to  which  is  fitted  the 


drill  itself  or  a  chock  holding  the  drill.  Electric  drilla  are  made  for  use  with  either  direct 
or  alternating  current,  and  at  frequencies  and  voltagea  commonly  found.  The  weight  of  a 
drill  for  a  2-in.  diameter  hole  in  steel  is  about  88  II). 
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SI.  Air  and  Electric  Grinders. — Air  grindera  (Rk.  70)  and  electric  grinders  differ  from 
air  or  electric  drills  only  in  ttie  cutting  tool  used,  which  is  &a  abrasive  wheel  instead  of  a 
drill.  Electric  Krinders  have  an  advantaKB  over  air  grinders  in  that  the  speed  obtainable  is 
higher,  which  makes  for  rapid  cutting.  In  use,  the  tool  is  held  bj*  the  operator  and  the  cut- 
ting wheel  brought  against  the  work  in  much  the  same  manner  that  work  is  held  by  an 
operator  and  brought  against  a  cutting  wheel  in  the  usual  stationary  shop  mounting. 

82.  CnttinK  Wlieels. — Cutting  wheels  should  be  of  a  grain,  hardness,  and  material  suited 
to  the  material  to  be  cut.  For  structural  steel,  a  medium  grain,  rather  hard  wheel  should  be 
used.  For  harder  steels,  a  softer  wheel  of  like  grain  ia  preferable.  Carborundum,  alun- 
dum,  crystolon  and  like  abrasive  materials  cut  faster  and  better  tham  emery,  or  like  materials. 
Micro  examination  of  cuttings  shows  that  the  materials  first  named  cut  shavings  from  the  steel, 
while  the  latter  produce  globules  of  molten  metal,  with  proportionate  speeds  of  cutting,  endur- 
ance of  wheels,  and  requirements  for  power. 


UISCELLANEOUS  EQUIPMENT 
By  Nathan  C.  Johnson 

SS.  Ait  Compresson. — The  uses  of  compressed  air  in  building  construction  are  so  varied 
and  cover  such  a  prolonged  period  extending  from  placing  foundations,  as  in  sinking  pneumatic 
caissons,  through  steel  erection  and  even  to  finish  painting  that  the  selection  of  air  comprea- 
•0T8  and  the  installation  of  the  air  distributing  system  should  be  planned  most  carefully. 

As  the  art  of  producing  and  using 
compressed  air  is  highly  developed,  a 
wide  choice  of  compressor  equipment  is 
available.  Compressors  may  be  driven 
either  by  electric  motors,  steam  or  gaso- 
line engines,  and  through  belts,  gears,  or 
chains  as  deaired  and  may  be  obtained  to 
work  at  any  required  pressure.  Com- 
pressors of  the  smaller  sizes  are  built 
single  stage,  all  compression  taking  place 
in  one  cylinder  (Fig.  71).  The  larger 
■isee  are  two  or  three  stage,  having  two 
or  three  cylinders,  each  of  which  raises 
the  pressure  a  certain  part  of  the  final 
Tsfue.  Compressors  of  from  100  to  300 
eu.  ft.  free  air  capacity  per  minute  may 
be  mounted  for  easy  portability  but  solid. 
fouDdatioDB  are  preferable  for  lai^er 
sises  and  can  generally  be  made  available  in  modern  building  construction.  To  equalize  the 
load  on  a  compressor,  as  well  as  to  have  a  constant  pressure  supply,  receivers  or  storage 
tanks  are  used  as  accumulators  in  connection  with  compressors.  These  must  be  ample  in 
size  and  suited  to  the  anticipated  demand. 

Tin>.«tasa  eompnaaoim  bave  been  found  to  give  b«l  reaulta  when  the  delivery  rtsquired  of  the  niBchine  is  Ihtec. 
In  tbeaa,  ths  >ir  la  oompmaad  ■  small  amauni  io  the  flrat.  or  low  pressure  cylinder,  then  pus«  to  an  intcnMoler, 
where,  wbik  bcinc  held  at  low  preasure,  some  of  the  heat  due  to  compreuion  ia  removed.  From  the  intcrcoolei 
ths  nir  pasaea  to  a  ucond  oylinder  where  it  is  comprsBocd  to  a  higher  value  and  then  passed  to  the  receiver. 

on  ths  piaton,     Thi*  mlum  the  effldsney  of  tbe  maohiDS  and  ia  overcDme  in  part  by  multiple  ata«e  eompniHon 
Further  ooolini  oooun  in  th*  ncsiver  atid  [Hpe  bnea;  and  a*  the  temperature  decrcMet,  tbe 
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pKBure  ct  (he  air  will  ■!»  drop,  Thii  u  low  ot  BBCrcv  Ulil  tut  work  done  by  the  oompni 
islikeviiH  loit  eaeigy-    Bach  Ioam*.  tocBther  with  frlclion  lowea,  mayBinouiil  to  10%  or  c 

per  minute  to  a  certain  prmure.  By  "fre«Bir"iB  meant  niraatouad  at  a  pretaure  of  one  al 
From  Ibis  definition  it  may  readily  be  ases  that  the  capacity  of  the  ume  machiae  will  var 
and  temperatore  conditiona  hre  varied. 
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Fia.  T3  — ComprcMHi  air  painting  eauipmenl, 
Spray  Eaginccripg  Co,  Boelon.  Maaa. 

34.  Air  Painting  Equipment.— Painting  by  compresBed  air  (Fig.  72)  has  recently  come 
into  quite  general  use;  and  is  among  the  newer  applications  of  compreesed  air  to  building 
construction.  In  this  work,  air  under  pressure  is  fed  through  a  rubber  hose,  to  a  metal  paint 
container  fitted  with  a  control  head  (fig.  73).  Air  preeaure  as  admitted  at  the  top  of  the 
container,  forces  the  paint  through  a  Btroiner  up  to  the  control  head  and  then  through  a 
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rubber  hose  to  the  "gun."  Some  of  the  air  entering  the  control  head  also  is  fed  direct  to 
the  gun.  The  complete  appsratuB  outside  of  the  compressor  therefore  consists  of  the  metal 
container,  the  gun,  and  the  necessary  connecting  rubber  hose  to  reach  the  work. 

S4a.  Hetal  Container. — The  metal  container  is  a  tank  of  3  to  15-gaL  capacity, 
equipped  with  the  control  head  which  has  the  necessary  valves  for  adjusting  the  preaaure  on 
the  paint  and  of  the  air  eupphed  to  the  gun;  a  strainer  to  prevent  paint  skin,  etc.,  from  clogging 
the  line  to  the  gun;  and  a  pressure  gage.  Containers  of  the  smaller  sizes  are  of  riveted  steel 
construction;  those  of  the  larger  aise  are  of  welded  construction  and  have  targe  neck  opemnga 
to  permit  of  easy  cleaning. 

Sib.  Guns. — The  gun  or  painting  nozzle  is  shaped  like  an  ordinary  pistol,  uung 
the  trigger  to  control  the  supply  of  paint  and  air.  Its  handle  carries  connections  for  the  air  and 
paint  linefl.  The  end  of  the  gun  barrel  is  fitted  with  a  cap  and  two  nose  pieces  through  which 
ia  forced  the  paint  and  air  respectively.  Adjustment  of  the  amount  of  point  is  obtained  by 
screwing  the  cap  on  or  oB;  and  the  air  supply  isregulatedbyaneedlevalve  under  the  nose  pieces. 
By  proper  adjustment  of  these  two,  either  a  conical  or  fish-tail  spray  may  be  obtained.  Where 
desired,  the  gun  may  be  mounted  on  a  long  pole  enabling  an  operator  to  paint  in  places  where 
ladders  or  acaSolding  would  otherwise  be  required. 

io  painting  more  Auifftoe  eui  ba 
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luld  be  uwd  where  [requent  moving  ia  ocearioned  a*  the  larger  aiiee  require  more 
than  one  man  to  more  them.  Ths  weight  of  a  5-gBl.  unit  is  about  SO  lb.  and  that  of  the  larger  aim  greater  in 
proportion. 

SB.  Snifadng  Uachines. — Special  machines  for  finishing  the  surface  of  concrete,  either  in 
floors  or  walls,  and  to  remove  form  marka,  may  be  operated  either  by  air  or  electricity.  Sur- 
faces may  also  be  treated  by  rubbing  by 
hand  with  carborundrum;  nashing  with  a 
dilute  ftcidj  or  brushing  with  a  stiff  wire 
brush.  Each  of  these  methods  has  its  place 
but  better  and  cheaper  results  can  be  ob- 
tained with  a  mechanical  device. 
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When 


tiadcn 


ra  will  be  found 
■i  Burf  ace  eHect 
can  ba  abt^nMl  by  a  akillful  operator  and  a  oaieful 
dudes  of  cnttinc  tooL 

fllHlris  tur/acari  (fig.  H)  oouiat  of  a  motor 
■sd  a  tool  uaing  different  typea  of  teetb  or  grinding 
iliika  wUah  revolve  at  high  speed  and  chip  or  grind 

prnded  from  the  opoator'a  ahoulders  and  oonneoted 
Io  tha  tool  thlough  a  Ssiible  ahalt.  The  weigbt  of 
the  motor  tor  thfi  apparatus  ia  about  30  lb.  and  that 
of  the  tiMl  10  lb.     Thia 


h  can  be  obtained  in  ai 


s,  or  (or 


S6.  Stucco  and  Plastering  Machines. — Special  machines  for  applying  stucco  and  plaster 
have  been  brought  out.  It  is  claimed  by  the  makers  that  these  machines  will  give  a  better  and 
more  lasting  result  than  will  hand  methods  and  that  they  will  reduce  costs  materially. 

Two  types  are  to  bo  had — one  which  impels  the  material  mechanically  against  the  wire  or 
lath;  and  the  other  which  places  the  material  by  compressed  air. 

The  first  type  of  machine  (Fig.  75)  eonaiata  of  a  amall  hopprr  mounted  above  a  flat  bladnl  propeller  driven  by 
an  electric   motor.     Tha   machins  weighs  about  30  lb.  and  ia  fastened  to  the  operator  by  straps  and  a  coiled 
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ipiinc  to  cin  Beilbility,  »  th>t  ths  dlKharge  a 
ioiuly  mined,  ii  led  Into  ths  hopper  and  u  it 

ohBTge  opening  and  tEaiut  the  work.     From  31 


bfl  dinoted  to  any  dnired  pi 
■eei  throuch  ia  ahot  out  by  tl; 
^  400  Kj.  ft.  of  aurfare  per  he 


Quo"  (Fig.  70).  oonaUU 
teriala  are  plaoed  afta  p 
applied  above,  the  feed  bi 
wheel  within  the  oaalng  ac 


impeller  bladee  through  a  dia- 
r  can  be  covered  to  a  thjckneai 
);  and  due  to  the  bigh  velocity 
uch  better  aarlace  than  where 

pe.    known  aa  the    "Cement 


>I  regulated  by  a  rotating  fnd 
lated  by  an  air  motor  and  then 

ly  of  water  delivered  tbrouib  a 


■■Ouoi 


'  with  thia  maohine  to  aupply  the  ai 
terial  produced  by  thia  device  li 
"  and  baa  the  merit  of  being  very  hai 


suitable  cluBters  and  reflectors,  a  large  a 


37.  Lighting  Equipment  for  Construction 
Work. — Very  often  work  must  be  carried  on  at 
night,  and  when  such  ia  the  case,  it  becomes  neces- 
sary to  employ  artificial  light.  This  may  be  sup- 
plied by  electricity,  gas,  or  oil. 

Electric  light  is  generally  used  unless  cur- 
rent is  not  readily  available.  Where  such  is  the 
case,  gas  or  oil  lights  may  be  substituted. 
Electric  lights  will  be  found  to  be  the  most 
serviceable  as  they  require  no  attention  and  with 
ea  can  be  evenly  lighted  from  one  place. 
The  portable  carbide  light  (Fig.  77)  ia  a  type  of  acetylene  gas  light.     Owing  to  its  lightness 

and  large  candle  power,  it  is  used  e^ctensively.     The  light,  however,  is  a  concentrated  one  and 

the  apparatus  requires  frequent  charging  and  cleaning.    Two  types  may  be  obtained,  the  main 

diilerence  being  that  one  utilizes  calcium  carbide  in  cake  form  and  the  other  a  lump  carbide. 

The    apparatus   consists   of  a 

burner,  feed  pipe,  and  genera- 
tor.     The    generator   is   made 

up  of  an  outside  container  for 

water.      Carbide   is   placed    in 

another  container  and  fitted  in 

a  gas  chamber,  both  of  which 

are  placed  in  the  container  for 

water.     Water   is   then    added 

and  as  it  comes  in  contact  with 

the   carbide,    acetylene   gas   is 

generated.     One  pound  of  car 

bide  will  yield  about  4?i  cu,  ft. 

Units  arc  made  in  various 
sizes  to  meet  different  require- 
ments. A  typo  commonly 
found  is  rated  at  8000  candle 
power;  weiglis,  exclusive  of  the 
water  and  carbide,  60  lb ;  has  a  burning  capacity  of  12  hr.,  and  costs  from  3  to  5ct.  an  hr.  to 
operate.     .Small  hand  units  tFig.  78)  may  also  be  obtained  for  inspection  purposes. 


The  Alec 


urn  Co..  Baltim 


The  apparatus  cunaiata 


y  beu» 


m  the  oU  under 


Jily  whita  Ilabt. 


Bure,     Metal  lanln  ol 
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D  to  30-vl-  eapMiity  «•  mkde,  »ad  an  aqolpped  witb  ■  (■■«  Uxl  huid  pomp.  Tbe  burner  Mnabta  of  ■  pertontad 
lb*  noult  fitted  *t  ODa  and  of  tba  tuba  and  oDDaactsd  throuah  •  neadJa  valva  to  the  lead  pipe  of  the  tank  with  ■ 
vUlow  tny  pUoed  beneath.  To  uaa  the  lisht,  it  ia  naceaaary  to  firat  heat  the  tube  lo  vaporiw  the  apniy.  Thia 
aaeomptiataad  by  eollacting  a  Bmall  quantity  of  the  fuel  on  th«  tray  and  ifoitins  it.  iDitialheatinfODlyia  required 
■  the  heat  from  the  light  itaelf  ia  sufficient  to  heat  the  tube  after  once  placed  in  operation.  Thia  type  of  licht  it 
lawwr  thao  the  oarbide  Usht  u  there  ii  do  mddue  left  in  the  tank,  but.  aa  euch  lighla  are  more  eipenuve  to  oper- 
la,  ther  u*  not  uaed  to  aa  great  extent  aa  the  oarbide  lighte. 

SB.  Oxj-gu  Cutting  and  Weldinjc  Equipment. — Not  only  in  wrecking  but  also  wherever 
teel  or  iron  in  any  shape  has  to  be  cut  on  tbe  job,  an  oKy-acetylenc  or  oxy-hydrogen  blowpipe 
r  torch  is  found  to  be  an  economical  tool.  The  apparatus  in  general  coneista  of  a  blaw-pipe 
I  torch,  feed  piping  lines  leading  from  supply  to  torch,  and  a  generating  unit  {Fig.  79).     The 


iT 

> 

FiQ.  79.— Portable  acetyle 


Portable  acetylene  gae  cuttiog  plant,  Ths 
>nder  Milburn  Co..  Baltimore,  Md. 


leBMKting  unit,  as  usually  composed,  lb  a  tank  containing  liquified  or  compressed  oxygen,  and 
Ul  ftoetylene  generator  or  tank  where  the  oxy-acetylene  process  is  used,  or  tanks  of  compressed 
OXygOB  and  hydrogen  for  the  oxy-hydrogen  process,  together  with  attached  regulating  valves. 


.MtylsuB 


uetalci 


a  fairly  p. 


eleetrio  are  ia  the 
u«  used,  and  are 


■U*  noH.     Due  to  the  fact  that  aoetylene  is  euily  obtaiDsblc  b 

iroMB  ll  Ika  one  moat  used,     Eapecially  ia  this  true  when  welding  ii  to  b«  conai' 

oalr  ottHT  fiame  which  giTffl  a  higher  temperature. 

T%a  aetual  euttiag  by  burning  or  melting  tbe  metal  ia  done  by  an  oxygen  flam 
takao,  the  matatial  muat  be  preheated,  which  heating  ii  accompliahed  by  incandeen 
taina.  The  exact  procedum  follnwed  in  cutting  vary  with  the  different  types  o(  t< 
dMamdaed  in  large  measure  by  the  character  of  flame  produced  by  the  torch  tip 
tip*  are  supplied,  each  to  be  uaed  fur  a  spe^^iSc  purpeee, 

la  plaea  where  porlAbility  is  aot  of  much  importance,  atatianary  acetylene  generators  similar  to  those  uaed 

is  bought  in  oylindera,  but  they  require  coneiderable  cars  and  attention. 

St.  Pipe  and  Bu  Threading  Machines. — Threading  machines  both  (or  pipes  and  bars 
should  be  supplied  on  all  jobs  of  importance.  The  smaller  hand  dies  and  taps  form  a  usual 
and  necesBuy  part  of  the  fitting  equipment  on  smaller  work. 
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Pipe  threading  machines  are  supplied  in  a  number  of  siies  and  have  a  wide  range  of  capacity.  These  machines 
are  driven  by  belts  from  gasoline  engines,  or  direct  connection,  or  by  belt  from  an  electric  motor.  They  may  be 
obtained  using  either  a  solid  die  up  to  about  2-in.  sise  of  pipe,  or  with  separate  jaws  of  2  or  4  pieces  for  larger  sisea 
of  pipe.  Some  of  these  machines  are  equipped  with  a  patent  release  which  will  open  the  jaws  or  reverse  the  machine 
when  the  desired  length  of  thread  haa  been  cut.  As  pipe  threads  are  out  to  a  taper  to  insure  tight  joints,  it  is  un- 
necessary to  cut  the  thread  much  over  the  length  of  the  die. 

Bar  threading  machines  are  similar  to  those  used  for  pipe  threading,  the  difference  being  in  the  sise  and  shape 
of  the  teeth  of  the  die.  Bar  dies  also  are  cut  without  taper  threads.  Bolts  and  bars  up  to  about  4  in.  can  be 
threaded  in  these  machines  and  either  right  or  left-hand  threads  cut.  On  bars  above  4  in.  in  diameter  and  where 
special  threads  are  required,  the  cutting  is  done  in  a  lathe. 

40.  Cotton,  Manilai  and  Wire  Rope. — Two  kinds  of  rope  are  used  in  building  construction, 
— one  made  from  hemp,  cotton,  or  manila  fiber,  and  the  other  of  wire.  The  latter  is  the  kind 
most  employed  as  it  will  withstand  harder  usage,  handle  larger  loads,  and  has  a  longer  life  than 
the  others. 

Cotton  rope  is  not  much  used  as  it  is  not  suitable  for  loads  of  any  amount.  Its  principal  use 
is  in  braided  rope  for  sash  cords  as  this  rope  is  very  flexible  and  may  be  run  over  small  sheaves. 

Hemp  and  manila  fiber  rope  are  used  to  a  large  extent  where  intermittent  service  and  porta- 
bility are  required.  They  will  give  good  service  where  the  loads  are  not  excessive  and  where 
lightness  is  desired.  Hemp  and  manila  rope  are  made  up  from  threads  twisted  to  form  strands 
and  the  strands  twisted  together  to  form  the  rope.  Due  to  the  internal  chafing  between  the 
fibers  and  the  stresses  due  to  bending  when  passing  over  sheaves,  this  type  of  rope  should  not 
be  used  in  elevators  and  hoist  service  as  it  rapidly  depreciates  in  strength  value. 


Manila  Rope.    Ultimate  Si'rength,  Weight  and  Working  Stress  of  Best  Manila  Rope 

(From  Ketchum's  Structural  Engineers'  Handbook,  p.  443) 


Diameter 

(inches) 

Circumference 
of  rope 
(inches) 

Weight  of 

100  ft.  rope 

(pounds) 

Ultimate 
strength 
(pounds) 

Working  load  for  derricks 

Minimum  sise 

of  drum  or 

sheave 

(inches) 

Used  rope, 

factor  of  6 

(pounds) 

New  rope, 

factor  of  3 

(pounds) 

H 
H 
H 
1 

iH 
IH 
IH 

2 

2H 
3 

1.67 
2.37 
2.75 
3.14 
3.03 
4.71 
5.60 
6.28 
7.86 
9.42 

7 

17 

24 

28 

46 

64 

84 

116 

175 

262 

1,800 

4.000 

6.400 

7,200 

11.200 

16,000 

21,600 

28.600 

45,000 

64.200 

300 

670 

900 

1,200 

1,870 

2,670 

3,600 

4,750 

7.600 

10.700 

600 
1.340 
1,800 
2,400 
3,740 
6,340 
7,200 
9,600 
15.000 
21,400 

8 
10 
12 
14 
16 

Wire  rope  is  made  up  of  a  number  of  small  wires  composing  a  strand  and  several  strands 
twisted  or  braided  to  form  a  rope.  The  material  used  for  the  wires  may  be  wrought  iron, 
cast  steel,  or  plough  steel,  each  being  suited  to  special  needs.  Wire  rope  is  used  for  hoisting 
and  elevator  service  as  its  depreciation  from  the  action  of  bending  over  sheaves  and  on  drums  ia 
less  than  is  the  case  with  manila  or  hemp  ropes.  The  strength  of  wire  rope  is  about  4  times 
that  of  manila  rope  and  the  weight  per  foot  8  times. 

Wire  rope  is  made  for  various  other  services,  such  as  transmission,  and  also  in  round  and 
flat  or  ribbon  form.  The  chier  advantage  of  the  latter  type  is  that  in  the  larger  sizes  it  is  more 
flexible  and  can  be  run  over  smaller  sheaves. 

Wire  rope  made  of  18  strands,  the  6  inner  ones  being  laid  in  the  reverse  direction  to  the  12 
outer  ones,  forms  a  non-twisting  rope  and  one  that  is  very  efficient  where  long  lengths  are  to 
be  used,  as  in  hoisting  materials  several  stories  with  a  derrick. 
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Ckxtcible  Steel  Hoistimo  Rope.    Weioht,  Ultimate  Stbenoth,  and  Working  Loads  of 
Wire  Rope  Composed  of  6  Strands  and  a  Hemp  Centbr,  19  Wires  to  the  Strand 

(From  Ketchum's  Structural  Engineers'  Handbook,  p.  444) 


Diameter 
(inches) 

Approximate 

circumference 

(inches) 

Weight 
per  ft. 
(pounds) 

Approximate 
breaking 

stress 
(pounds) 

Safe     working 

stress  for 

derricks, 

factor 

of  4 

(pounds) 

Minimum    siie    of    drum    or 
sheave 

Derricks 
(inches) 

Rapid  hoistinS 
(inches) 

H 
K. 
H 
H. 
H 
Va 
U 
1 

IH 
IH 
IH 

IH 
IH 
IH 

m 

2 

2H 

3 

3H 
4 

4H 
4K 

0.22 
0.30 
0.39 
0.50 
0.62 
0.89 
1.20 
1.58 
2.00 
2.45 
3.00 
3.55 

10.000 

13,600 

17,600 

22.000 

27,200 

38.800 

52,000 

68,000 

84,000 

100,000 

124,000 

144,000 

2.500 

3.400 

4,400 

5.500 

6.800 

9.700 

13,000 

17,000 

•    21,000 

25,000 

31.000 

36.000 

6 

7H 

9 
10 
12 
14 
18 
20 
22 
24 
27 
30 

• 

12 
15 
18 
21 
27 
36 
42 
48 
54 
60 
66 
69 

Plough  Steel  Hoisting  Rope.    WEiOHTy  Ultimate  Sirbngth,  and  Working  Loads  of 
WituB  Rope  Composed  of  6  Strands  and  a  Hemp  Center,  19  Wires  to  the  Strand 

(From  Ketchum's  Structural  Engineers'  Handbook,  p.  446) 


Diameter 
(inches) 

Approximate 

circumference 

(inches) 

Weight 

per  ft. 

(->oundc) 

Approximate 
breaking 

stress 
(pounds) 

Safe  working 

stress  for 

derricks. 

factor 

of  4 

(pounds) 

Minimum  sise  of  drum  or 
sheave 

Derricks 
(inches) 

Rapid  hoisting 
(inches) 

H 

Hs 
H 
Hs 
H 
H 
H 
1 

IH 
IH 
IH 
IH 

IH 
IH 
IH 

IH 

2 

2H 
2H 
3 

3H 

4 

4H 
4H 

0.22 
0.30 
0.39 
0.50 
0.62 
0.89 
1.20 
1.58 
2.00 
2.45 
3.00 
3.55 

11.500 

16.000 

20.000 

24.600 

31.000 

46,000 

58.000 

76.000 

94.000 

116.000 

144.000 

164,000 

2.870 

4.000 

5.000 

6.150 

7.750 

11.500 

14,500 

19,000 

23,500 

29,000 

36.000 

41.000 

9 

lOH 

12 

14 

14 

16 

18 

20 

24 

28 

32 

36 

18 
21 
24 
27 
33 
39 
48 
54 
60 
72 
81 
84 

41*  Chains  and  Chain  Tackle. — Essential  items  of  hoisting  and  erecting  equipment  are 
tackle  chains.  In  Fig.  80  are  shown  three  standard  types  (taken  from  Ketchum's  '' Structural 
Engineers'  Handbook,"  p.  451)  and  in  the  accompanying  table  are  given  data  on  the  strength 
of  chains  (furnished  by  the  American  Bridge  Co.). 
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Tdhfmighf  of  chain  'L'(6,Whn.  7 


rHookMaJ         Vthokchcrin 


TbM 


IL 


<jf€hafnmLX6JX))*d44 
i'Twin  ^jHJok  chain 


Total  mighf  afcham  '1/(620}  -h 


MxS 


Total  weight  of  cham 
Usual  iSrigfth  of  L' '  G  ffct. 


465 
Fia.  80. — Chains. 


Data  on  Chains,  American  Bridge  Company 


Sise 
diameter  of 

Weight  per 

foot 

(pounds) 

Outside 
lengths  of 

Outside 
width  of 

Proof  test 

Ultimate 
strength 
(pounds) 

Working  load 
in  pounds. 

Working  load 
in  pounds. 

bar 
(inches) 

Unks 
(inches) 

links 
(inches) 

(pounds) 

Factor  of 
3 

Factor  of 

4 

H 

• 

2.5 

2H 

IH 

7,700 

15.000 

5.000 

3.800 

H 

4.10 

3 

2K 

12.000 

23,000 

7.600 

5,700 

H 

6.70 

3H 

2H 

17,000 

33.000 

11.000 

8.200 

K 

8.37 

4 

3 

22,000 

43.000 

14.300 

10.700 

1 

10.50 

4H 

3« 

29,000 

50.000 

18.600 

14.0C0 

IH 

13.62 

6H 

3H 

37,000 

71,000 

23.600 

17,700 

IK 

16.00 

6K 

4H 

46,000 

88.000 

29,300 

22.000 

IH 

10.25 

6H 

4H 

55,000 

106.000 

35.300 

26.500 

IH 

23.00 

7 

5H 

66.000 

126.000 

42.000 

31.500 

IH 

28.00 

7K 

5H 

74,000 

141.000 

47,000 

35,200 
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TIMBER 

By  Henrt  D.  Dewell 

Trees  may  be  divided  into  two  main  divisions — exogen  and  endogen.  The  first  division, 
comprises  those  trees  in  which  the  wood  is  arranged  in  concentric  bands  or  layers.  This  con- 
struction results  from  each  year's  new  growth  of  the  tree  forming  an  approximate  cylinder  of 
new  wood  outside  of  the  previous  old  growth  cylinder.  The  second  class  of  trees,  the  endogen 
type,  embraces  the  palms,  bamboos,  and  other  trees  in  which  the  wood  is  not  arranged  in  bands 
or  rings. 

All  timbers  used  in  building  construction  in  North  America  may  be  said  to  fall  under  the 
exogen  class.  Two  subdivisions  of  the  exogen  trees  are  recognized — ^viz.,  (1)  conifers,  sometimes 
called  softwoods,  and  (2)  non-coniferous,  dictoyledons,  or  hardwoods.  The  terms  "softwood" 
and  ''hardwood''  are  not  correct,  as  many  of  the  coniferous  timbers  are  hard,  and  some  of  the 
non-coniferous  woods  are  comparatively  soft. 

In  the  class  of  coniferous  trees  falls  the  larger  portion  of  the  structural  timbers,  the  longleaf 
yellow  pine,  shortleaf  yellow  pine,  Douglas  fir,  white  pine,  spruce,  hemlock,  cypress,  redwood,  etc. 
Under  the  non-coniferous,  or  hardwoods,  are  classed  the  oak,  ash,  elm,  maple,  walnut, 
hickory,  etc. 

1.  General  Characteristics  of  Timber. — The  cross  section  of  a  tree  of  the  exogen  type  shows 
on  the  outside  the  bark,  and,  in  the  interior,  a  series  of  concentric  rings,  those  next  to  the  bark 
being  lighter  in  color  than  the  interior.  This  outside  zone  of  rings  is  termed  the  sapwood,  as 
contrasted  with  the  darker  interior  portion,  which  is  called  the  heartwood. 

The  sapwood  is  the  living  portion  of  the  tree.  The  heartwood,  on  the  other  hand,  has 
ceased  to  grow,  and  is  only  of  structural  importance  to  the  tree.  Sapwood  is,  however,  struc- 
turally as  strong  as  heartwood,  except  in  the  case  of  old,  overmature  trees. 

The  rings  of  growth  are  termed  annual  rings,  since  a  new  layer  of  wood  is  formed  each 
season.  Each  annual  ring  is  divided  into  two  parts,  the  inner  ring  being  softer  and  lighter  in 
color  than  the  outer  ring.  The  inner  ring  is  termed  the  spring  wood,  being  formed  in  the  spring 
of  the  year,  while  the  outer,  harder,  and  darker  ring  is  the  summer  wood.  The  annual  rings  thus 
form  a  record  of  the  age  of  the  tree. 

The  general  structure  of  wood  is  cellular,  the  cells,  or  wood  elements  being  in  the  nature  of 
minute  tubes,  with  interior  cavities  called  lumina.  These  elements  vary  in  size  and  shape;  and 
different  arrangements  of  cells  characterize  different  trees.  Upon  the  character  and  arrangement 
of  the  wood  cells,  and  the  nature  and  quantities  of  the  compounds  associated  with  them  depend 
the  physical  qualities  of  the  timber.  Wood  elements  are  classified  as  wood  fibers,  tracheids, 
vessels,  pith  ray  cells,  and  wood-parenchyma  fibers.  In  the  walls  of  the  wood  elements  are 
openings,  covered  by  thin  membranes,  known  as  ''pits, "  these  pits  being  further  classified  as  " sim- 
ple pits"  and  "bordered  pits."     The  pits  serve  to  transmit  water  between  the  wood  cells. 

In  the  ooniferous  or  softwood  trees,  the  tracheids  (and  in  the  non-coniferous  or  hardwood  trees  the  wood-fibers) 
are  the  elements  of  most  importance;  these  give  the  mechanical  strength  of  the  tree.  The  tracheids  and  wood  fibers 
run  parallel  to  the  length  of  the  tree,  so  that  they  appear  in  section  in  a  cross  section  of  the  tree. 

Pith  rays  are  cells  that  lie  in  horiiontal  planes,  and  extend  radially  from  the  center  of  the  tree  to  the  outside, 
connecting  the  vertical  elements.  These  pith  rays,  also  called  "  medullary  rays, "  have  as  their  main  function  the 
transmission  and  storage  of  food.  Pith  rays  are  plainly  visibly  in  many  timbers,  as  for  example,  oak.  In  this 
latter  wood,  they  give  the  pleasing  appearance  in  "quartered"  or  "quarter-sawn"  oak. 

The  mechanical  properties  of  timber  are  afifeoted  vitally  by  the  arrangement,  as  well  as  by  the  character,  of 
Urn  wood  elementa.     Since  the  wood  elements,  as  the  tracheids  and  the  wood-fibers,  are  vertical,  most  woods  are 
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comparatively  eaay  to  split.  On  the  other  hand,  the  pith  rays  tend  to  hold  the  vertical  wood  elements  together 
and  thus  lessen  the  tendency  to  split. 

When  the  annual  rings  are  wide,  the  timber  is  said  to  be  "coarse-grained;*'  and  conversely,  when  these  rings 
are  narrow,  the  timber  is  said  to  be  "fine-grained."  Normally,  the  fibers  and  tracheids  are  parallel  to  the  axis  of 
the  trunk  or  limb  of  the  tree.  Such  a  condition  gives  "straight-grained"  timber.  In  many  cases,  the  fib«B  may 
be  twisted  or  they  may  run  in  a  spiral  direction  giving  the  condition  termed  " cross-grained"  timber. 

The  junction  of  the  limb  and  stem  (or  trunk)  forms  the  knots  found  in  all  structural  timber.  "Dead"  or 
"loose"  knots  are  formed  by  the  stubs  of  broken  or  decasred  limbs,  the  growth  of  the  tree  eventually  covering  these 
stubs. 

2.  Effect  of  Compositioii  on  Mechanical  Properties  of  Timbers.^ — The  chemical  composi- 
tion of  wood  consists  mainly  of  cellulose  and  other  materials  designated  as  lignin«  There  are 
also  present  certain  other  substances,  as  water  and  resin. 

The  weight  of  wood  depends:  (1)  on  the  amount  of  wood  substance  in  the  cell  walls,  and 
(2)  on  the  amount  of  water  contained  in  the  wood.  In  green  wood  the  second  factor  is  of  the 
greater  importance.  The  water  is  contained  in  the  substance  of  living  cells,  saturates  the  walls 
of  all  cells,  and  more  or  less  fills  the  cavities  of  all  lifeless  cells,  libers,  and  vessels.  Sapwood 
contains  the  most  water. 

The  rate  at  which  the  water  evaporates  from  timber  depends  uponthestructureof  the  wood, 
and  also  upon  the  size  and  shape  of  the  stick.  High  temperatures  accelerate  the  drying  of  timber, 
even  in  humid  atmosphere.  When  timber  dries,  the  cell  walls  of  the  wood-elements  shrink. 
The  wood-elements  decrease  in  cross  section,  but  remain  approximately  of  the  same  length. 
This  phenomenon  explains  the  shrinkage  in  cross  section  of  any  piece  of  unseasoned  or  green 
timber,  and  the  approximate  absence  of  shrinkage  lengthwise.  Since  the  wood  cells  in  the  same 
tree  vary  in  thickness,  unequal  shrinkage  takes  place,  resulting  in  strains  which  tend  to  split 
and  warp  the  timber.  Again,  the  ends  of  a  stick  of  green  timber  dry  faster  than  the  interior 
portions,  producing  cracks  in  the  ends  of  such  timbers.  Such  tendency  to  crack  is  known  as 
"checking."  It  is  customary  in  lumber  yards  to  nail  strips  of  wood  across  the  ends  of  wide 
planks  or  boards,  in  order  to  prevent  the  ends  from  checking.  The  same  tendency  to  check 
exists  in  the  sides  of  timbers,  due  to  the  exposed  surfaces  drying  faster  than  the  interior. 

The  shrinkage  of  the  pith  rays  is  one  of  the  causes  of  the  longitudinal  shrinkage  of  timber, 
and  the  greater  the  nimiber  of  pith  rays,  the  greater  the  longitudinal  shrinkage. 

A  log  shrinks  tangentially  to  the  annual  rings  much  more  than  radially,  since  in  a  tangential  direction  the 
cdls  of  the  summer  wood  which  are  subject  to  greater  shrinkage  than  the  spring  wood,  are  continuous  across  the 
width  of  board,  but  are  interrupted  in  a  radial  direction  by  the  rings  of  the  spring  wood.  This  tangential  shrinkage 
leads  to  permanent  checks.  The  difference  in  shrinkage,  as  measured  tangentially  and  radially  to  the  annual 
rings,  explains  the  different  behavior  of  lumber  cut  tangentially,  radially,  quartered,  etc. 

The  following  table  gives  the  approximate  shrinkage  in  width  of  timber,  drying  in  open  air: 

Approximatb  Lateral  Shrinkage  of  Timber  Drying  in  Open  Air 

Percentage  of 
width 

(1)  All  light  conifers  (soft  pine,  spruce,  cedar,  cypress) 3 

(2)  Heavy  conifers  (hard  pine,  tamarack,  yew),  honey-locust,  box  elder,  wood  of  old  oaks.  4 

(3)  Ash,  elm,  walnut,  poplar,  maple,  beech,  sycamore,  cherry,  black  locust 5 

(4)  Basswood,  birch,  chestnut,  horse  chestnut,  blue  beech,  young  locust 6 

(5)  Hickory,  young  oak,  particularly  red  oak Up  to  10 

Shrinkage  of  timber  is  a  very  troublesome  factor  to  deal  with  in  the  design  and  construction  of  details.  Fully 
seasoned  timber,  unless  kiln-dried  lumber  is  purchased,  is  almost  impossible  to  obtain,  and  consequently  some 
shrinkage  is  almost  certain  to  occur.  This  shrinkage  will  cause  joints  to  open,  washers  imder  bolts  and  nut  heads 
to  become  loose,  settlement  of  floors,  etc.  It  is  exceedingly  important  to  recognise  the  probability  of  shrinkage 
and  to  design  details  that  will  be  as  free  as  possible  from  the  effects  of  such  shrinkage. 

Season  checks  are  alwajrs  imsightly  but  in  interior  work  they  are  not  generally  serious  from  a  structural  stand- 
point except  in  the  case  of  beams  and  girders  where  the  \mit  longitudinal  shearing  stress  is  high.  In  such  a  case, 
season  checks  near  the  ends  of  the  beam  reduce  the  efFective  area  to  resist  longitudinal  shear.  In  construction 
exposed  to  the  weather,  season  checks  permit  moisture  to  collect  resulting  in  decay  of  the  timber. 

3.  Effect  of  Seasoning  on  Strength  of  Timber. — ^The  general  effect  of  seasoning  timber, 
if  such  seasoning  is  properly  done,  is  to  increase  the  strength  of  the  timber.  This  statement 
applies  especially  to  the  strength  of  the  timber  in  bearing  across  the  grain. 

Forest  Service  Bulletin  No.  88  gives  the  results  of  bending  tests  on  green  and  air-dried 
halves  of  ten  8  X  l^in.   X  32-ft.  stringers — that  is  to  say,  ten  green  stringers,  8  X  16  in., 

1  See  also  Appendix  F, 
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32  ft.  long,  as  nearly  uniform  in  quality  throughout  their  lengths  as  possible  were  selected. 
The  following  is  taken  from  the  bulletin: 

One-half  of  each  32-f t.  piece  was  tested  in  a  green  condition,  and  the  other  half  tested  after  air-seasoning.  The 
average  moisture  content  of  the  air-seasoned  material  was  16.4%.  The  average  ultimate  strength  in  bending 
of  the  green  material  was  5440  lb.  per  sq.  in.,  while  the  same  value  for  the  air-seasoned  timber  was  6740  lb.  per 
sq.  in.,  or  an  increase  of  24%.  The  corresponding  values  for  the  elastic  limit  were  3740  and  5478  lb.  per  sq.  in., 
showing  an  increase  in  strength  due  to  seasoning  of  47  %. 

A  number  of  tests  were  made  on  various  grades  of  Douglas  fir  stringers  seasoned  from  6  to  8  months;  the  grades 
select,  merchantable,  the  seconds,  being  those  defined  in  the  export  grading  rules  of  the  Pacific  Coast  Manufacturers 
Association  adopted  in  1903.  In  this  group  of  stringers  the  fiber-stress  at  elastic  limit  and  the  modulus  of  rupture, 
in  the  case  of  select  material,  was  increased,  respectively,  8%  and  5%  by  seasoning,  the  modulus  of  elasticity 
remaining  practically  \mchanged.  In  the  merchantable  material  the  increase  in  these  functions  was  respectively 
19%,  33%,  and  6%.  In  the  seconds,  the  fiber-stress  at  elastic  limit  increased  6%,  while  the  modulus  of  rupture 
and  modulus  of  elasticity  showed,  respectively,  a  decrease  of  12%  and  2%.  The  failures  in  seasoned  Douglas 
fir  stringers  and  car-sills  were  similar  to  those  in  green  material,  except  that  failures  in  horixontal  shear  were  more 
common. 

Failure  in  horiiontal  shear  is  more  common  in  seasoned  than  in  green  timbers,  because  the  net  areas  resisting 
shear  along  the  neutral  plane  is  often  considerably  decreased  by  checks.  It  seldom  occurs  in  weak,  low-grade 
material,  which  fact  is  doubtless  due  to  the  dowelling-pin  action  of  the  knots  invariably  associated  with  low-grade 
timbers. 

4.  Methods  of  Seasoning  Timber. — The  most  satisfactory  method  of  seasoning  is  air- 
seasoning,  or  the  exposure  of  the  green  timber  to  the  drying  action  of  natural  air  currents,  the 
timber  being  protected  from  the  weather.  Lumber  to  be  thus  properly  seasoned  must  be  por- 
tected  from  rain,  piled  on  level,  firm  foundations  well  off  the  ground,  supported  at  frequent 
intervals  in  its  length,  and  ''stuck'' — ^that  is,  each  layer  of  boards  separated  from  the  adjoining 
layers  by  strips  of  timber.  The  boards  in  each  layer  should  be  separated  from  one  another. 
This  method  of  piling  allows  the  air  to  circulate  freely  around  each  stick  of  timber. 

Air-seasoning  tak^  time — usually  many  months  in  order  to  thoroughly  season  the  timber.  For  this  reason 
certain  classes  of  lumber,  as  flooring,  ceiling,  etc.,  are  commonly  kiln-dried,  that  is,  exposed  to  high  temperatures 
in  a  drying  Idln.  Kiln-drsdng  must  be  properly  done,  else  the  timber  will  be  brittle.  Careful  regulation  of  the 
heat,  avoidance  of  extremely  high  temperatures,  prevention  of  draughts  of  outside  air,  and  the  use  of  steam  baths 
before  drying  are  factors  tending  to  reduce  the  tendency  to  brittleness. 

6.  Effect  of  Defects  on  Strength  of  Timber. — Defects,  such  as  knots,  cross-grain,  wind 
shakes,  etc.,  dcrease  the  strength  of  timber.  Knots  are  always  co-existent  with  cross  or  di- 
agonal grain  in  the  immediate  vicinity  of  the  knot.  In  former  years,  the  effect  of  a  knot  was 
considered  most  serious  only  when  the  timber  was  subjected  to  tension.  It  has  been  proved, 
however,  that  knots  vitally  weaken  the  timber  in  compression,  due  to  the  variation  of  the  timber 
fibers  around  the  knot  from  their  normal  direction. 

Minor  defects,  such  as  pitch  pockets,  si^)  stain,  etc.,  are  of  no  consequence  structurally. 

6.  Deterioration  of  Timber. — Mechanical  deterioration  of  timber  occurs  from  continued 
use.  Flooring  will  wear  out,  railway  spikes  will  become  loose  in  the  ties,  and  screws  subject 
to  continued  '' working"  will  enlarge  their  holes  in  the  wood  and  pull  out.  The  probable  de- 
terioration due  to  wear  and  tear  can  be  fairly  accurately  foreseen. 

6a.  Deterioriation  Due  to  Age. — In  building  construction,  timber  properly  pro- 
tected from  the  weather  and  from  dry  rot  will  not  deteriorate  with  age,  and  in  many  cases 
increased  strength  may  result. 

66.  Deterioriation  Due  to  Decay. — ^The  decay  of  all  timber  in  building  construc- 
tion may  be  said  to  be  due  to  the  presence  and  action  of  bacteria  or  fungi.  Without  going  into 
a  discussion  of  the  nature  and  action  of  such  fungi,  the  conditions  conducive  to  decay  should  be 
realized.  These  are  the  presence  of  a  certain  amount  of  air,  heat,  and  moisture.  Timber  so 
situated  that  it  will  be  subject  to  a  free  circulation  of  air  at  all  times  will  not  rot.  Timber 
completely  and  permanently  immersed  in  water  or  timber  buried  deeply  without  access  to 
any  air  will  not  decay.  On  the  other  hand,  timber  alternately  wet  and  dry  will  be  subject  to 
decay.  The  danger  of  dry-rot  in  timber  joists  so  set  in  masonry  that  free  circulation  of  air 
cannot  occur  is  well  known.  Timber  in  contact  with  the  soil  and  set  in  close  proximity  to  the 
ground  in  exterior  walls  will  decay.  In  this  connection,  the  danger  of  infection  of  otherwise 
sound  timber  from  diseased  timber  should  be  recognized.  In  many  instances  infected  timber 
is  brought  upon  the  job  from  the  lumber  yard.  Only  the  most  careful  inspection  can  prevent 
Bucb  a  circumstance^  and  the  only  reooiirse  should  be  the  rejection  and  removal  of  each  affected 
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stick  unless  by  cutting  off  to  safely  remove  all  vestige  of  "date"  the  shortened  stick  may  be 
made  available. 

Certain  timbers,  as  cedar  and  redwood,  are  very  resistant  to  the  action  of  fungi. 

6c.  Deterioration  Due  to  Animal  Life. — ^In  timber  exposed  to  sea  water,  deterio- 
ration may  occur  from  marine  life,  as  the  teredo  and  the  limnoria;  in  the  case  of  land  structures, 
certain  wood  borers,  as  the  beetles  and  termites,  destroy  timber.  Protection  against  destruc- 
tion from  marine  life  must  be  given  by  the  designer  of  timber  structures;  protection  of  timber 
from  deterioration  due  to  land  life  is  properly  the  function  of  the  forester  and  horticulturist. 

7.  Treatment  of  Timber  to  Prevent  Decay. — ^The  prevention  of  decay  in  timber  should  be 
given  as  careful  consideration  by  the  structural  designer  as  is  the  strength  of  a  joint.  Details 
of  design  should  be  so  drawn  that  the  timber  is  protected  from  the  weather  and  from  moisture, 
has  no  contact  with  the  ground,  and  has  access  to  circulation  of  air.  Unseasoned  timber  should 
not  be  painted.  The  presence  of  an  air-excluding  film  of  paint  around  a  green  stick  of  timber 
is  almost  certain  to  result  in  dry-rot.  The  underpinning  of  a  building  should  be  well  ventilated, 
Green  lumber  should  not  be  used  for  flooring  or  other  tightly  driven  work.  The  ends  of  floor 
joists  when  embedded  in  masonry  walls  should  have  space  around  them  to  give  access  to  air. 
Contact  faces  of  timber  to  timber,  and  timber  to  metal,  may  well  be  painted  with  a  good  wood 
preservative. 

When  further  measures  than  good  design  are  required  to  prevent  decay  of  timber,  treat- 
ment by  preservatives  must  be  resorted  to.  Two  methods  are  used:  (1)  impregnation  of  the 
timber  with  the  preservative,  and  (2)  brush  or  surface  treatment  of  the  timber. 

The  most  common  wood  preservatives  used  are  creosote,  sine  chloride,  copper  sulphate  and  mercury  chloride* 
and  combinations  of  these.     Of  the  above,  creosote  and  sine  chloride  are  probably  used  most  extensively. 

In  the  impregnation  process,  the  timber  is  first  treated  by  drying  or  steaming,  and  then  subjected  to  a  bath 
of  the  preservative  under  pressure.  The  impregnation  process  is  much  more  effective  than  surface  treatment,  and 
is  ordinarily  done  at  specially  designed  plants. 

The  surface  treatment  of  timber  with  wood  preservative  is  accomplished  by  painting  the  timber  with  the 
preservative,  or  by  dipping  the  timber  in  an  open  bath  of  the  preservative.  This  work  is  done  on  the  job.  Timber 
to  be  thus  treated  should  be  seasoned  and  dry,  otherwise  the  treatment  is  more  or  less  ineffective.  The  preservative 
should  be  heated.  Dipping  is  far  preferable  to  painting.  All  timber  dipped  should  remain  in  the  hot  liquid  at  least 
15  min.  An  advantage  is  claimed  by  some  experimenters  for  an  alternate  soaking  in  hot  and  cold  preservative. 
For  bnish  treatment,  at  least  two  surface  treatments  with  hot  preservative  are  necessary,  and  three  are  to  be 
advised. 

8.  Sawing  of  Timber. — Boards  and  planks  are  ordinarily  cut  tangentially, — that  is, 
tangent  to  the  annual  rings  of  the  log.  This  method  is  known  as  flat  sawing,  and  the  boards 
or  planks  are  said  to  have  flat  grain,  bastard  grain,  or  to  be  slash  cut. 

In  quarter-sawing  the  logs  are  cut  into  quarters,  and  then  sawed  across  the  annual  rings. 

This  method  is  also  known  as  rift  sawing,  and  the  material  thus  cut  is  paid  to  have  edge  grain. 

QuarterHsawing  gives  the  beautiful  graining  seen  in  quarter-sawed  oak  and  similar  timbers. 

^ge-grained  lumber  also  shrinks  and  warps  less  than  flat-sawed  lumber,  docs  not  sliver,  and 

gives  greater  resistance  to  wear,  as  in  vertical-grain  flooring. 

Timbers  in  which  the  heart  of  the  tree  is  enclosed  in  the  cross  section  are  said  to  be  "boxed-hearts."  Such 
timbers  will  check  deeply  on  all  sides,  with  radial  checks  extending  deeply  into  the  section. 

9.  Classification  of  Lumber. — The  following  extracts  from  the  General  Timber  Specifica- 
tions adopted  by  the  American  Society  for  Testing  Materials,  August  1915,  indicate  the  nature 
of  defects,  number  and  character  of  those  allowed,  also  the  specifications  for  the  various  grades 
of  lumber,  including  the  definition  of  the  "density  "  rule  for  Southern  yellow  pine. 

Knots. — Knots  shall  be  classified  as  round  and  spike  in  form;  and  for  quality,  as  sound,  encased,  loose,  and 
unsound.     Knots  are  also  classed  as  to  aixc. 

A  8ound  knot  is  one  which  la  solid  across  its  face  and  which  is  as  hard  as  the  wood  surrounding  it;  it  may  be 
either  red  or  black,  and  is  so  fixed  by  growth  or  position  that  it  will  retain  its  place  in  the  piece.  A  loose  knot  is  one 
not  firmly  held  in  place  by  growth  or  position.  A  pith  knot  is  a  sound  knot  with  a  pith  hole  not  more  than  ^  in.  in 
diameter.  An  eneaaed  knot  is  one  whose  growth  rings  are  not  intergrown  and  homogeneous  with  the  growth  rings 
of  the  piece  it  is  in.  The  encasement  may  be  partial  or  complete;  if  intergrown  partially  or  so  fixed  by  growth  or 
position  that  it  will  retain  its  place  in  the  piece,  it  shall  be  considered  a  sound  knot;  if  completely  intergrown  on 
one  face,  it  is  a  water-tight  knot.  An  unsound  knot  is  one  not  as  hard  as  the  wood  it  is  in.  A  jnn  knot  is  a  sound 
knot  not  over  f^  in.  in  diameter.  A  ^andard  knot  is  a  sound  knot  not  over  If^  in.  in  diameter.  A  largt  knot  if 
a  sound  knot,  more  than  IH  in*  in  diameter.  A  round  knot  is  one  which  is  oval  or  circular  in  form.  A  tptJkt 
knot  it  cna  mwh  in  *  leagtliviM  dirtotion;  the  mean  ot  average  width  thall  be  coniidered  in  meMuring  these  knots. 
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Wane. — Wane  is  bark,  or  the  lack  of  wood  from  any  cause,  on  edgea  of  UmberB. 

Shakes. — Shakes  are  splits  or  checks  in  timbers  which  usually  cause  a  separation  of  the  wood  between 
annual  lings.  Ring  shake  is  an  opening  between  the  annual  xings.  Through  shake  is  a  shake  which  extends 
between  two  faces  of  a  timber. 

Shakes  not  hereinbefore  described  unless  known  to  have  extensive  penetration  shall  not  be  considered  a  defect 
under  this  classification. 

Sisee. — All  rough  timber,  except  No.  1  Common,  must  be  full  sise  when  green.  ^  in.  shall  be  allowed  for  each 
side  surfaced. 

Length*. — Standard  lengths  are  multiples  of  2  ft.,  8  to  20  ft.  inclusive;  extra  lengths  are  multiples  of  2  ft., 
2  ft.  and  longer.    When  lineal  average  is  specified,  standard  of  lengths  shall  be  multiples  of  1  ft. 

Heart  Timbere. — All  timber  specifications,  except  "Merchantable"  and  "Select  Structural  Timbers"  specify- 
ing heart  requirements,  shall  be  considered  as  a  special  contract,  and  shall  specify  whether  the  heart  requirements 
refer  to  surface  or  girth  measurements  in  each  piece. 

No.  1  Common  Timbere. — May  be  either  dense  or  sound  pine.  Unless  otherwise  specified,  this  grade  will 
admit  any  amount  of  sapwood. 

Common  timbers,  rough,  4X4  and  larger,  may  be  K  in-  scant  in  either  or  both  of  its  dimensions,  shall  be  well 
manufactured  and  may  have  IH  in.  wane  on  one  corner,  yi  the  length  of  the  piece,  or  its  equivalent  on  two  or 
more  corners,  the  wane  measured  on  its  face. 

Timbers  10  X  10  may  have  2  in.  wane  as  above;  the  larger  sizes  may  have  wane  as  above  in  proportion  tosises. 

Common  timbers  may  contain  sound  knots  and  pith  knots,  provided  that  the  diameter  of  any  one  knot  shall 
not  exceed  the  following  in  sise: 


2      in. 

in 

4X4 

to 

6X6 

2H  in. 

in 

6X8 

to 

8    X  10 

3      in. 

in 

10  X  10 

to 

10  X  12 

3Hin. 

in 

12  X  12 

to 

12  X  14 

4      in. 

in 

14  X  14 

to 

14  X  16 

4Min. 

in 

16  X  16 

to 

16  X  18 

In  sisee  not  mentioned  the  diameter  of  knots  admissible  will  increase  or  decrease  in  proportion  to  the  sise  of  the  tim- 
bers on  same  basis  as  above  specified. 

In  determining  the  size  of  knots,  mean  or  average  diameter  shall  be  taken,  or  the  equivalent  of  the  above 
in  grouped  knots  at  any  one  point. 

Will  admit  shakes  extending  H  the  length  of  the  piece,  round  or  ring  shakes,  unsound  knots  IH  in.  or  less  in 
diameter,  a  limited  number  of  pin  worm  holes,  well  scattered,  sap  stcdn,  and  seasoning  checks.  Unless  otherwise 
specified,  this  grade  will  admit  any  amount  of  sap  stain. 

Square-edge  and  Sound  Timbere. — May  be  either  dense  or  sound  pine.  Unless  otherwise  specified,  this  grade 
will  admit  any  amount  of  sapwood. 

Square-edge  and  sound  timbers  shall  be  well  manufactured  and  shall  be  free  from  defects  such  as  injurious 
ring  or  round  shakes  and  through  shakes  that  extend  to  the  surface,  unsound  and  loose  knots  and  knots  in  groups 
that  will  materially  impair  the  strength,  and  shall  be  free  from  wane.  Seasoning  checks  and  eap  stain  shall  not  be 
considered  defects. 

Merchantable  Timbers. — May  be  either  dense  or  sound  pine.  All  merchantable  timbers  shall  be  well  manu- 
factured and  shall  be  free  from  defects,  such  as  injurious  ring  and  round  shakes  and  through  shakes  that  extend  to 
the  surface,  unsound  and  loose  knots,  and  knots  in  groups  that  will  materially  impair  the  strength.  Seasoning 
checks  and  sap  stain  shall  not  be  considered  defects. 

Sizes  under  9  in.  on  the  largest  dimension,  shall  show  ^i  or  more  heart  on  both  of  the  wide  faces.  When 
sticks  are  square,  the  face  showing  the  most  heart  shall  govern  the  inspection  on  sizes  imder  9  in.,  and  the  two  faces 
showing  the  most  heart  shall  govern  the  inspection  when  9  in.  and  over.  Heart  showing  the  full  length,  even  if  not 
fi  of  the  area  as  above,  shall  meet  the  requirements  of  this  quality. 

Wane  not  exceeding  H  of  the  dimension  of  the  face  and  K  of  the  length  of  the  piece  on  one  corner,  or  the 
equivalent  on  two  or  more  corners  or  not  to  exceed  10%  of  the  pieces,  shall  be  admitted. 

Southern  Yellow  Pine. — This  term  includes  the  species  of  yellow  pine  growing  in  the  Southern  States  from  Vir- 
ginia to  Texas — ^that  is.  the  pines  hitherto  known  as  longleaf  pine  (Pinus  palustris),  shortleaf  pine  (Pinus  echinata), 
loblolly  pine  (Pinus  taeda),  Cuban  pine  (Pinus  heterophyla)  and  pond  pine  (Pinus  serotina). 

Under  this  heading  two  classes  of  timber  are  designated:  (a)  dense  Southern  yellow  pine,  and  (6)  sound  South- 
em  yellow  pine.     It  is  understood  that  these  two  terms  are  descriptive  of  quality  rather  than  of  botanical  species. 

(a)  Dense  Southern  yellow  pine  shall  show  on  either  end  an  average  of  at  least  6  annual  rings  per  inch  and  at 
least  H  summer  wood,  or  else  the  greater  number  of  rings  shall  show  at  least  H  summer  wood,  all  as  measured 
over  the  third,  fourth,  and  fifth  inches  of  a  radial  line  from  the  pith.  Wide-ringed  material  excluded  by  this  rule 
will  be  acceptable,  provided  that  the  amount  of  summer  wood  as  above  measured  shall  be  at  least  one-half. 

The  contrast  in  color  between  summer  wood  and  spring  wood  shall  be  sharp  and  the  summer  wood  shall 
be  dark  in  color,  except  in  pieces  having  considerably  above  the  minimum  requirement  for  summer  wood. 

In  cases  where  timbers  do  not  contain  the  pith,  and  it  is  impossible  to  locate  it  with  any  degree  of  accuracy 
the  same  inspection  shall  be  made  over  3  in.  on  an  approximate  radial  line  beginning  at  the  edge  nearest  the  pith 
in  timbers  over  3  in.  in  thickness  and  on  the  second  inch  (on  the  piece)  nearest  to  the  pith  in  timbers  3  in.  or  less  in 
thickness. 

In  dimension  material  containing  the  pith  but  not  a  5-in.  radial  line,  which  is  less  than  2  X  8  in.  in  section  or 
less  than  8  in.  in  width,  that  does  not  show  over  16  sq.  in.  on  the  cross-section,  the  inspection  shall  apply  to  ^.Vv^  «»«s- 
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ond  inch  from  the  pith.  In  larger  material  that  does  not  show  a  5-in.  radial  line  the  inspection  shall  apply  to  the 
three  inches  farthest  from  the  pith. 

The  radial  line  chosen  shall  be  representative.  In  case  of  disagreement  between  purchaser  and  seller,  the 
average  summer  wood  and  number  of  rings  shall  be  the  average  of  the  two  radial  lines  chosen. 

(6)  Sound  Southern  yellow  pine  shall  include  pieces  of  Southern  Pine  without  any  ring  or  summer  wood  re- 
quirement. 

10.  Strength  Values  of  Timber. — Probably  the  most  comprehensive  study  ever  made  of  the 
strength  values  of  structural  timber  was  that  made  by  the  American  Railway  Engineering  Assso- 
ciation,  through  their  Committee  on  Wooden  Bridges  and  Trestles.  The  ultimate  and  working 
stresses  recommended  by  that  committee  are  given  in  the  accompanying  table.  The  table 
gives  no  working  unit  stresses  for  pure  tension.  The  working  unit  resistance  to  tension  may  be 
taken  the  same  as  for  bending. 

The  working  unit  stresses  as  given  (increased  50  %  for  buildings)  are  the  highest  that  should 
be  taken  for  any  structural  timber;  and  for  timber  not  better  than  what  is  generally  known  as 
No.  1  Common,  it  is  here  recommended  that  unit  stresses  not  exceeding  25  %  of  those  given  in 
the  table,  be  used  in  building  construction. 

WoRKiNQ  Unit  Stresses  For  Structual  Timber 

Adopted  by  the  American  Railway  Engineering  Association 

The  working  unit  stresses  given  in  the  table  are  intended  for  railroad  bridges  and  trestles.  For  highway 
bridges  and  trestles,  the  unit  stresses  may  be  increased  25  % .  For  buildings  and  similar  structtires,  in  which  the 
timber  is  protected  from  the  weather  and  practically  free  from  impact,  the  unit  stresses  may  be  decreased  60%. 
To  compute  the  deflection  of  a  beam  under  long  continued  loading  instead  of  that  when  the  load  is  first  applied, 
only  50%  of  the  corresponding  modulus  of  elasticity  given  in  the  table  is  to  be  employed. 

Unit  Stresses  in  Pounds  Per  Square  Inch 


Bending 

Shearing 

Compression 

Extreme 

Modulus 

Parallel  to 

Longitudinal 

Perpendi- 

Parallel to 

Working 

fiber 

of 

to  the 

inal  shear 

cular  to 

to  the 

stresses  for 

stress 

elasticity 

grain 

in  beams 

to  the 

grain 

columns 

Kind 

of 
timber 

grain 

^        .  ■ 

Aver- 
age 

Work- 
ing 

Aver- 
age 

Work- 
ing 

Aver- 
age 

Work- 
ing 

Elas- 
tic 
limit 

Work- 
ing 

Aver- 
age 

Work- 
ing 

Lgth. 
un- 

Lgth. 
over 
16Xd 

ulti- 

stress 

Average 

ulti- 

stress 

ulti- 

stress 

stress 

ulti- 

stress 

der 

mate 

mate 

mate 

mate 

16Xd 

Douglas  fir 

6100 

1200 

1,610,000 

690 

170 

270 

110 

630 

310 

3600 

1200 

900 

1200 

Longleaf 

pine 

6600 

1300 

1.610,000 

720 

180 

300 

120 

620 

260 

3800 

1300 

976 

1300 

Shortleaf 

pine 

6600 

1100 

1,480,000 

710 

170 

330 

130 

340 

170 

3400 

1100 

826 

1100 

White  pine 

4400 

900 

1,130,000 

400 

100 

180 

70 

290 

160 

3000 

1000 

760 

1000 

Spruce .... 

4800 

1000 

1,310,000 

600 

160 

170 

70 

370 

180 

3200 

1100 

826 

1100 

Norway 

pine 

4200 

800 

1,190,000 

590* 

130 

250 

100 

•    •    • 

150 

2600* 

800 

600 

800 

Tamarack. 

4600 

900 

1,220,000 

670 

170 

260 

100 

*   •   • 

220 

3200* 

1000 

760 

1000 

Western 

hemlock. . 

6800 

1100 

1.480.000 

630 

160 

270* 

100 

440 

220 

3600 

1200 

900 

1200 

Redwood. 

6000 

900 

800,000 

300 

80 

•   •   • 

•  •   • 

400 

160 

3300 

900 

676 

900 

Bald 

cypress. . . 

4800 

900 

1,150,000 

600 

120 

•   •   • 

•  ■  • 

340 

170 

3900 

1100 

826 

1100 

Red  cedar. 

4200 

800 

800,000 

•   •   • 

•    a    • 

•   •   • 

•  •  • 

470 

230 

2800 

900 

676 

900 

White  oak. 

5700 

1100 

1,150.000 

840 

210 

270 

110 

920 

460 

3600 

1300 

976 

1300 

Unit  stresses  are  for  green  timber  and  are  to  be  used  without  increasing  the  live  load  stresses  for  impact. 
Values  noted  *  are  for  partially  air  dry  timbers. 

In  the  formulas  given  for  oolumns,  I  «  length  of  ccdumn.  and  d  ■■  least  side  or  diameter,  in  inches. 
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11.  Sizes  and  Lengths  of  Framing  Timbers. — ^The  nominal  sizes  in  which  framing  timbers 
may  be  purchased  is  indicated  in  the  following  table: 


Nominal  Sizes 

OF  Framing  Timber 

2X4 

4X4 

2X6 

2HX6  • 

3X6 

4X6 

6X6 

2X8 

2>iX8  • 

3X8 

4X8 

6X8 

8X8 

2X10 

2HX10* 

3X10 

4X10 

6X10 

8X10 

10X10 

2X12 

2HX12» 

3X12 

4X12 

6X12 

8X12 

10X12 

12X12 

2X14 

2HX14» 

3X14 

4X14 

6X14 

8X14 

10X14 

12X14 

14X14 

2X16 

2HX16» 

3X16 

4X16 

6X16 

8X16 

10X16 

12X16 

14X16 

16X16 

2X18 

2MX18* 

3X18 

4X18 

6X18 

8X18 

10X18 

12X18 

14X18 

16X18 

18X18 

6X20 

8X20 

10X20 

12X20 

14X20 

16X20 
16X22 
16X24 

18X20 
18X22 
18X24 
18X26 

20X20 
20X22 
20X24 
20X28 
20X30 

•  For  Yellow  Pine  Only. 

All  sises  above  18-in.  depth  for  Douglas  Fir  only. 

Other  sizes,  such  as  2  X  3,  2  X  6,  2  X  7,  2  X  9,  3  X  4,  and  3  X  5  are  sawed  by  afew  mills, 
but  are  not  common.  2  X  3  in  Douglas  Fir  is  shipped  into  California  by  the  northern  mills. 
The  largest  sizes  of  timbers  listed  in  the  above  table  are  not  ordinarily  carried  in  stock,  and  must 
be  ordered  under  special  contract. 

Rail  ahipmenta  of  dimension  lumber  are  generally  shipped  surfaced  one  side  one  edge;  water  shipments,  in  the 
rough.  If  rough  sises  are  desired,  the  shipment  should  be  so  ordered  under  special  contract.  The  sises  of  timbers 
surfaced  one  side  one  edge  (written  SISIE)  are  shown  in  tables  on  pp.  104  to  114  incl. 

12.  Measurement  of  Lumber. — In  the  United  States,  all  lumber,  except  as  noted  below, 
is  cut  and  sold  in  even  lengths,  as  12  ft.,  14  ft.,  16  ft.,  18  ft.,  etc.  Timbers  will  usually  over- 
run such  lengths  a  small  amount.  Thus  a  10  X  10  timber  ordered  as  a  16-ft.  length  may 
actually  be  16  ft.  4  in.  long.  However,  this  full  excess  length  cannot  be  counted  upon.  The 
excess  length  may  be  only  sufficient  to  allow  a  full  I6-ft.  length  after  cutting  the  ends  square. 
Any  odd  or  fractional  lengths  of  timbers  required  in  a  building  must  be  purchased  as  the  next 
higher  even  length.  A  study  of  the  size  of  building  and  arrangement  of  walls,  posts,  story 
heights,  etc.  may  sometimes  result  in  a  considerable  saving  in  lumber  by  the  elimination  of 
cutting  lengths  of  timbers  that  are  slightly  under  standard  lengths. 

All  lumber,  except  some  finishing  lumber,  is  sold  by  board-measure,  the  unit  of  which  is 
the  board  foot.  One  board  foot  ol  lumber  is  144  cu.  in.  Expressed  in  another  way,  a  board 
foot  is  the  equivalent  of  a  12-in.  length  of  board,  I  in.  thick  and  12  in.  wide.  For  example,  a 
piece  of  timber  6  in.  square  and  14  ft.  long  has  42  board  feet.  To  compute  the  board  feet  in 
any  timber,  divide  the  product  of  the  sectional  area  of  the  stick  and  the  length  of  the  timber 
by  the  factor  12,  and  the  result  will  be  the  number  of  board  feet  in  the  timber. 

In  w»plring  out  a  lumber  list,  the  information  to  be  given  is  the  number  of  pieces,  sectional  dimensions « length, 
kind  of  timber,  quality,  and  statement  of  whether  the  lumber  is  to  be  rough  or  surfaced. 
This  information  is  usually  presented  in  the  following  manner: 

4  -  8"  X  10"  -  16'  Douglas  Fir  No.  1  Common  S4S. 

The  first  number  gives  the  number  of  pieces,  the  next  two,  the  thickness  and  depth,  respectively,  and  the  fourth 
number  the  length.  The  smallest  cross-sectional  dimension  is  written  first,  thus,  2"  X  4"  rather  than  4"  X  2". 
The  abbreviation  S4S  indicates  that  the  timbers  are  to  be  surfaced  four  sides. 

The  board  feet  in  the  four  sticks  would  be  the  product  of  the  four  numbers  divided  by  12,  or  427  board  feet. 

Many  tables  are  published  giving  the  board  feet  measure  of  commercial  sises  of  timbers.  The  accompansdng 
taUe  shows  the  contents  of  timbers  in  board-measure.  However,  with  a  little  practice,  one  (»tn  compute  the  quan- 
tities almost  as  fast  as  by  the  use  of  a  table  by  performing  the  simpler  multiplication  mentally,  factoring  where 
possible.  Thus,  in  the  example  given  above,  80X16XH~80X  5H  >■  427  board  feet.  The  nominal  cross- 
sectional  dimensions  are  always  used,  i.e.,  8"  X  10",  instead  of  the  finished  dimensions,  7H"  X  9H"* 

The  following  extracts  are  taken  from  the  1917  Standard  Specifications  for  Grades  of  South- 
em  Yellow  Pine  Lumber  of  the  Southern  Pine  Association* 
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Tablb  of  Board  Mbasuke 
Table  ehova  the  numter  of  board  teat  in  viirioiis  sizes,  (or  lengths  varying  from  10  to  32  ft. 


SiMiniathM 

LtBtlh  [n  f«t 

10 

13 

14 

la 

18 

20 

. 

.. 

28 

» 

» 

,. 

2X   4 

6M 

8 

OH 

10« 

13 

13H 

14« 

Ifl 

UM 

18« 

20 

2IH 

2X  0 

20 

22 

24 

28 

28 

30 

33 

13H 

mi 

21M 

26H 

mi 

34H 

37H 

40 

43H 

ie»i 

20 

33Ji 

20M 

SO 

33K 

30>f 

43W 

40M 

MM 

2xia 

38 

63 

56 

64 

23  }4 

33  »i 

37H 

4a>i 

sm 

aoH 

osM 

70 

74M 

26M 

33 

37K 

42.«i 

48 

an 

ASM 

09M 

74« 

8SH 

zxis 

no 

60 

72 

78 

84 

00 

96 

2X20 

33M 

40 

46»i 

MH 

eo 

8fl)( 

73H 

80 

80« 

03M 

100 

ioaji 

3X  a 

IS 

IB 

21 

24 

27 

30 

33 

30 

39 

42 

4S 

48 

30 

44 

S3 

SO 

60 

3X10 

25 

30 

35 

3X13 

30 

36 

4S 

54 

ao 

ao 

78 

84 

90 

axu 

70 

77 

S* 

B8 

lOS 

113 

40 

72 

88 

138 

SX18 

4S 

M 

S3 

81 

09 

117 

3XM 

SO 

BO 

70 

80 

» 

100 

110 

120 

130 

140 

160 

160 

4X  4 

13J( 

18 

18>l 

2l>i 

24 

20?i 

as.H 

32 

34K 

37M 

40 

4SH 

*X  8 

20 

28 

32 

36 

M 

52 

04 

20M 

37H 

42*j 

d3H 

mi 

09M 

74M 

80 

85H 

*X10 

33.>.j 

4aji 

S3>i 

00  >3 

7aji 

soM 

93H 

106« 

4X12 

40 

48 

60 

72 

so 

88 

88 

104 

112 

120 

128 

4X14 

48M 

65M 

74  <i 

B3K 

102li 

112 

121M 

130?1 

140 

14flj4 

53>J 

04 

74)1 

85K 

ea 

lOOM 

117}i 

I38M 

I40M 

170H 

4X1S 

00 

72 

103 

120 

132 

144 

158 

168 

170 

1V2 

4X20 

00  J, 

SO 

OS'S 

lOOJi 

120 

133W 

140,'i 

160 

t73M 

laaM 

200 

2ia>» 

ax  e 

ao 

30 

42 

4S 

54 

ao 

no 

72 

78 

84 

00 

ea 

8X  s 

M 

72 

80 

88 

90 

104 

112 

120 

128 

6X10 

eo 

00 

72 

84 

ea 

loa 

168 

180 

ax  14 

M 

112 

120 

140 

IM 

108 

18! 

196 

210 

224 

axia 

80 

00 

112 

170 

132 

208 

K 

108 

12U 

114 

tea 

288 

axao 

100 

120 

140 

■no 

ISO 

200 

220 

240 

200 

280 

300 

330 

8X  8 

S3)( 

a* 

74)i 

adH 

ea 

lOOJi 

117ii 

12S 

138)i 

140>4 

100 

170H 

OBH 

BO 

Mil 

looH 

120 

133).( 

i4nJS 

173H 

\aeH 

200 

213H 

8X13 

so 

170 

192 

208 

258 

mn 

112 

1301i 

um 

isnjii 

205ii 

242  Ji 

2ttlH 

208»l 

lOflH 

]2S 

14U!.. 

m>i 

192 

213)j 

234  <i 

250 

277W 

298?i 

320 

341H 

8X18 

130 

204 

2SS 

312 

380 

384 

8X20 

i3aw 

100 

iBD'i 

2135i 

240 

200Ji 

soa.'i 

320 

340« 

373>j 

400 

428H 

10X10 

83Jj 

100 

ll(i<i 

I335i 

ISO 

]  ar.fi 

183H 

200 

210>i 

a33ji 

250 

208H 

10X1! 

100 

120 

no 

320 

iiflH 

140 

in3M 

ISOH 

210 

233>i 

2.'ia}i 

303M 

32a« 

350 

373>| 

133.1* 

I8a«i 

213].i 

2(10  >i 

203}( 

320 

a4o>i 

373M 

428^ 

10X18 

180 

4S0 

1B«« 

200 

2MH 

ao«?s 

300 

333)i 

380>i 

400 

433M 

400?  i 

600 

S33H 

12X13 

120 

141 

108 

102 

2in 

2iO 

204 

2SS 

312 

33B 

360 

3M 

les 

100 

2S0 

308 

330 

3H1 

392 

420 

448 

12Xia 

2SS 

320 

480 

612 

12X18 

130 

12X29 

^ 

280 

320 

3<S0 

400 

440 

480 

620 

600 

600 

640 
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Sise  in  inches 

Length  in  feet 

• 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

14X14 

163H 

106 

22%H 

261  >^ 

294 

326^^ 

359H 

392 

424  ?i 

457>^ 

490 

622H 

14X16 

186]^ 

224 

2613^ 

298.^ 

336 

373H 

410H 

448 

485X 

522H 

560 

597H 

14X18 

210 

252 

294 

336 

378 

420 

462 

504 

546 

588 

630 

672 

14X20 

233M 

280 

326M 

373>i 

420 

460H 

513M 

560 

606M 

653H 

700 

746H 

16X16 

213^^ 

250 

298H 

34 IM 

384 

426H 

469M 

512 

554H 

597H 

640 

682^ 

16X18 

240 

288 

336 

384 

432 

480 

528 

576 

624 

672 

720 

768 

16X20 

266H 

320 

373H 

426H 

480 

533H 

586H 

640 

693H 

746M 

800 

853H 

16X22 

293H 

352 

410H 

469>^ 

528 

586H 

645H 

704 

762H 

821 H 

880 

938H 

16X24 

320 

384 

448 

512 

576 

640 

704 

768 

832 

896 

960 

1024 

18X18 

270 

324 

378 

432 

486 

540 

594 

648 

702 

756 

810 

864 

18X20 

300 

360 

420 

480 

540 

600 

660 

720 

780 

810 

900 

960 

18X22 

330 

396 

462 

528 

594 

660 

726 

792 

858 

924 

990 

1056 

18X24 

360 

432 

504 

576 

648 

720 

792 

864 

936 

1008 

1080 

1152 

20X20 

333H 

400 

466M 

533M 

600 

666H 

733H 

800 

866H 

933  >i 

1000 

1066H 

20X22 

366M 

440 

513>i 

586^ 

660 

733H 

806^^ 

880 

953  H 

1026H 

1100 

1173>i 

20X24 

400 

480 

560 

640 

720 

720 

880 

900 

1040 

1120 

1200 

1280 

22X22 

403H 

484 

bM^H 

645>i 

726 

806?i 

887>i 

908 

1048^^ 

1129H 

1210 

1290H 

22X24 

440 

528 

616 

704 

792 

880 

968 

1056 

1144 

1232 

1320 

1408 

24X24 

480 

576 

672 

768 

804 

960 

1056 

1152 

1248 

1344 

1440 

1536 

26X20 

503  >S 

676 

788^i 

901 H 

1014 

1126?£ 

1239H 

1352 

1404H 

1577H 

1690 

1802H 

Standard  lengths  (of  lumber)  are  multiples  of  2  ft.,  4  to  24  ft.,  inclusive,  for  Boards,  Fencing,  Dimension, 
Jouts  and  Timbers:  multiples  of  1  ft.,  4  to  20  ft.,  inclusive,  for  Finishing,  Flooring,  Ceiling,  Siding,  Partition, 
Casing,  Base,  Window  and  Door  Jambs — except  as  hereinafter  "specified.  Longer  or  shorter  lengths  than  those 
herein  specified  are  special.  Special  fractional  lengths,  when  ordered,  will  be  counted  as  the  next  higher  standard 
length. 

The  standard  widths  for  lumber,  SIS  or  S2S  or  rough,  excluding  Dimension,  shall  be  multiples  of  1  in.,  3  in. 
and  up  in  width. 

All  dressed  stock  shall  be  measured  and  sold  strip  coimt,  vis.:  full  sise  of  rough  material  necessarily  used  in  its 
manufacture.     All  sizes  1  in.  or  less  in  thickness  shall  be  counted  as  1  in.  thick. 

13.  Finishing  Lumber,  Flooring,  Ceiling,  Rustic,  etc. — The  following  extracts  are  taken 
from  the  1917  Standard  Specifications  for  Grades  of  Southern  Yellow  Pine  Lumber  of  the 
Southern  Pine  Association: 

1.  Dre*«ed  Yellow  Pine  Finishing. 

Finishing  shall  be  dressed  to  the  following  sises: 
1-in.  SIS  or  2S  to  i^e  in. 
IK-in.  SIS  or  2S  to  IH  in. 
Ui-in.  SlSor  2S  to  1?^  in. 
2-in.  SIS  or  2S  to  IH  in. 
These  thicknesses  also  apply  when  SIS. 
The  standard  widths  of  S4S  shall  be  as  follows: 

IX    4 3^  in. 

IX    5 4^  in. 

IX    6 5H  in. 

IX    7 6^  in. 

IX    8 7H  in. 

IX    9 8H  in. 

1  X  10 9H  in. 

1X11 lOH  in. 

1  X  12 UM  in. 
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The  foregoing  widths  shall  also  apply  to  stock  wider  than  1  in. 
Standard  lengths  are  8  to  20  ft. 

2.  Pond  shop  is  10  and  12  in.  wide,  all  lengths  from  8  to  20  ft.  or  longer. 

3.  Floorinif.—l  X  3,  1  X  4.  and  1  X  6  shaU  be  worked  to  ^ jKs  in-  by  2>^,  2H.  3H  and  6^  in. 

l>^-in.  flooring  shall  be  worked  to  IHs  in*  thick,  and  IM-in.  flooring  shall  be  worked  to  iHs  in.  thick,  the 
same  width  and  the  same  matching  as  14n.  stock. 

4.  Ceiling. — Ceiling  shall  be  worked  to  the  following: 

H  in Hs  in. 

H  in H  •  in. 

M  in He  in. 

K  in »Hs  in. 

Same  widths  as  flooring.    The  bead  on  all  Ceiling  and  Partition  shall  be  depressed  Hs  in.  below  surface 
of  piece. 
6.  Drop  Siding. — D  and  M  (dressed  and  matched)  shall  be  worked  to  ^  X  3}i  and  b^i  in.,  3H  and  5H  in. 
over  aU.     Worked  shiplap  to  ^  X  3  and  5,  3H  and  5H  in.  over  all. 

6.  BeMl  Siding  shall  be  naade  from  stock  S4S,  worked  to  ^Ms  in.  by  3H  and  5H  in.,  and  resawed  on  a  bevel. 

7.  Partition  shall  be  worked  to  ^  X  3>^,  and  5H  in. 

8.  Molded  Caaing  and  Baae,  Window  and  Doer  Jamb: — Sixes  of  molded  Casing  and  Base  should  be  worked  to 

^i  in.,  as  per  patterns  shown  in  Southern  Pine  Association  Molding  Book. 
Window  and  Door  Jambs.  Dressed,  Rabbeted,  and  Plowed  as  ordered. 
0.  Common  Boards,  Shiplap,  and  Bam  Siding. — Sises  of  Boards.— 1-in.  SIS  or  2S  to  ^Me.  IH-in.  SIS  or  2S  to 
IH.  IH-in.  SIS  or  2S  to  IH.     These  thicknesses  also  apply  to  S4S. 

All  1-in.  Common  lumber  which  is  ordered  dressed  one  or  two  sides,  one  edge,  may  be  dressed  to  bring 
the  width  H  in.  scant  of  full  width. 

Boards  1X8,  S4S,  shaU  be  worked  7H  in.  wide;  1  X  0  -  8H  in.;  1  X  10  -  9M  in.;  1  X  11  -  lOH 
in.;  1  X  12-llHin. 

Sises  of  No.  1  Common  D.  A  M.  and  Bam  Siding. — 8, 10  and  12-in.  shall  be  worked  to  ^  X  7Hf  OHt  and 
IIH  in. ;  D.  A  M.  shaU  be  S2S  A  C.  M.  Shiplap  worked  to  ^-in.  thick  face,  same  width  as  D.  4c  M.  and 
Bam  Siding. 

The  following  quotations  are  from  ''Rail  A,  Jan.  1,  1917,  Standard  Classification,  Grading, 
and  Dressing  Rules  for  Douglas  Fir,  Spruce,  Cedar,  and  Western  Hemlock  Products  **  published 
by  the  West  Coast  Lumbermen's  Association: 

GRADES  AND  STANDARD  SIZES 

Fir  Flooring 

Sises:  ^  X  3,  M  X  4,  H  X  6  in.  shaU  be  finished  H  X  2^.  3H,  and  5H  in.;  1  X  3,  1  X  4,  1  X  6  V.G.,  and 
1  X  4  F.Q.,  shall  be  finished  Ml  6  X  2K.  3>^,  and  5fi. 

1  X  6  F.Q.,  shall  be  finished  ^  X  5H' 

IH  X  3,  4.  and  6  in.  shaU  be  finished  IKs  X  2>^,  3>^,  and  5H  in. 

IH  X  3.4,and6in.shaUbefinishedtolHs  X  2K.3>^.  and5H  in. 

Two  inches  and  thicker  shall  be  finished  according  to  the  standard  patterns  for  such  sises  as  included  in  these 
rules.     Standard  lengths  are  multiples  of  1  ft. 

Fir  Ceiling 

Sises:  Ceiling  shall  be  worked  to  the  following: 

^  X  3,  4,  and  6  in.  finished  Ke  X  2>^,  3K.  and  5H  in. 

H  X  3.  4.  and  6  in.  finished  He  X  2^.  ^H.  and  6H  in. 

H  X  3.  4,  and  6  in.  finished  Me  X  2K.  3)^,  and  5M  in. 

1  X  3,  4.  and  6  in.  finished  ^Hs  X  2^.  3K.  and  5H  in. 
Standard  lengths  are  multiples  of  1  ft. 

Fir  Partition 

Sises:  1X4  and  6  in.  finished  'He  X  3}i  and  5H  in.  Standard  lengths  are  multiples  of  1  ft.  Partition 
4  or  6  in.  shall  be  graded  from  the  poorest  side. 

Fir  Finish 

Sises:  Thickness  SIS  or  S2S,  1  in.  to  ^  in.;  l}i  in.  to  iHs  in.;  IH  in.  to  iMs  in.;  2  in.  to  IH  in.  Widths  if 
dressed  one  or  two  edges;  4,  5,  and  6  in.,  finished  to  3H*  4Hi  and  5H  in.;  8,  10,  and  12  in.,  finished  to  7Kt  9>^, 
and  UK  in.;  14  and  16  in.,  finished  to  13  and  16  in.     Standard  lengths  are  multiples  of  1  ft. 

V.G.  Fir  Stepping,  SIS  or  S2S  and  Nosed 

sues:  lyi  in.  SIS  or  S2S,  finished  to  IMs:  IH  in.  to  iHs;  2  in.  to  IH  in.  in  thickness.  Widths  if  dressed 
one  or  two  edges,  8,  10,  and  12  in.,  finish  to  l^i*  ^H*  and  UK  in.;  14  in.  to  13  in.  Standard  lengths  are  multiples 
of  1ft. 
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Fir  Drop  Siding 

Sisefl:  M  X  6  in..  No.  105,  finished  He  X  4H  in.,  H-in.  rabbet;  H  X  6  in.,  No.  106.  finished  He  X  5H  in., 
1  X  6  in.  No.  105.  finished  K  X  4H  in*.  H-irx.  rabbet;  1  X  4,  0,  and  8  in.,  No.  106.  finished  H  X  3K.  5H.  and  7 
in.,  V^-in.  tongue.     Standard  lengths  are  multiples  of  2  ft. 

Fir  Rustic 

Sises:  H  X  6  and  8>in.  channel,  finished  He  X  4H  and  6^.  H-in-  rabbet;  1X6  and  8>in.  channel,  finished 
H  X  4K.  and  6^i  in..  H-in-  rabbet;  M  X  6  and  S-in.  V  and  center-V.  finished  Ms  X  4^8  and  6^  in.,  H-in. 
rabbet;  1X6  and  8-in.  V  and  oenter-V.  finished  H  X  4H  and  6^  in.,  H-in-  rabbet.  Standard  lengths  are  mul- 
tiples of  2  ft.     Grades  same  as  Drop  Siding. 

Fir  Bungalow  or  Colonial  Siding 

Sises:  1X8,  10,  and  12  in.  Finished  thickness  K  in-  on  thin  edge,  ^Hs  in.  on  thick  edge.  Finished  widths, 
7Hi  OMi  and  UK  in.  respectively.     Standard  lengths  are  multiples  of  2  ft. 

Fir  Bevel  Siding 

Sises:  K  X  4,  H  X  5,  and  H  X  6  in.  Thin  edge,  finished  sise,  Ke  in.;  thick  edge,  finislied  sise,  H  in. 
Finisned  widths,  3)4,  4K,  and  5H  in.,  respectively,  for  4,  5,  and  6-in.  stock.  Standard  lengths  are  multiples  of 
1  ft. 

Fir  Battens 

3-in.  Flat  shall  be  finisbed  to  Ms  X  2H  in.  net;  2-in.  O.G..  shall  be  finished  M  X  IM  in. net;  2H  in.  O.G..  shall 
be  finished  M  X  2K  in.  net;  3-in.  O.  G.  shall  be  finished  ^  X  2H  in.  net. 

COMMONS 
Boards  and  Shiplap  and  D.  A  M. 

Sises:  1  X  4,  6,  8,  10  and  12  in.     Common  Boards,  SIS  or  S2S  to  ^  in.     SlE  or  S2E  H  in.  ofT.     Shiplap 

1  X  4,  6,  8.  10,  and  12  in.,  finished  ^  X  3.  5,  7,  9,  and  11  in.  D.  A  M.  1  X  4,  6,  8,  10,  and  12  in.,  finished  sise, 
H  X  BHf  ^H,  7,  0,  and  11  in.     Standard  lengths  are  multiples  of  2  ft. 

Dimension,  Plank,  and  Small  Timbers 

Sises:  SlSlE  or  S4S;  2  X  4  to  IM  X  3M:  2  X  6  to  IM  X  5M;  2  X  8  to  IM  X  7H:  2  X  10  to  IM  X  9H: 

2  X  12  to  IM  X  IIH;  2  X  14  to  1^  X  13H;  2  X  16  to  IM  X  15H;  etc.  3  X  4  to  2H  X  3M;  3  X  6  to  2H  X 
BH:  3  X  8  to  2H  X  7H;  3  X  10  to  2H  X  9H;  3  X  12  to  2M  X  llH;  3  X  14  to  2H  X  13H:  3  X  16  to  2H  X 
15H;  etc.,  4  X  4  to  3H  X  3H;  4  X  6  to  3H  X  5Hi  «tc.,  5  X  5  to  4H  X  4^  etc.,  6  X  6  and  8,  H  in.  ofT  eaoh  way 

Fir  Timbers 
Sises:  SIS,  SlE,  SlSlE,  or  S4S;  8X8  and  larger,  H  in.  ofT  each  way.     Standard  lengths  are  multiples  of  2  ft 

Fir  Factory  Lumber 

Sises:  1-in  Shop  Common  S2S  to  ^Me  in;  iK-ixi.  No.  1  Shop,  S2S  to  IMs  in.;  IH-in.  No.  1  Shop,  S2S  to  l^Ms 
in.;  2-in.  No.  1  Shop,  S2S  to  I'Ms  in.;  2H-in.  No.  1  Shop,  S2S  to  2Ms-in.;  3-in.  No.  1  Shop,  S2Sto2SMs  in.;4-in. 
No.  1  Shop,  S2S  to  3* Ms  in. 

Red  Cedar  Bevel  Siding 

Finished  Sises:  Me  in.  thin  edge.  M  in.  thick  edge.     Width  3M.  4H.  and  5H  in. 

Cedar  Bungalow  or  Colonial  Siding 
Finished  Sise:  M  in.  on  thin  edge,  ^He  in.  on  thick  edge.     Finished  widths  7K.  OK.  and  IIH  in. 

Red  Cedar  finish 

Finished  Sise:  Thickness  SIS  or  S2S,  1  in.  to  M  in.;  IK  in.  to  IHe  in.;  IM  in.  to  iMe  in.;  2  in.  to  IM  in. 
Widths  if  dressed  one  or  two  edges:  4,  5,  and  6  in.  finished  to  3Hf  4Hi  and  5K  in.;  8,  10,  and  12  in.  finished  to 
7K'  OKt  and  UK  in.;  14  and  16  in.  finished  to  13  and  15  in.     Standard  lengths  are  multiples  of  1  ft. 

Cedar  Boards  and  Shiplap  and  D.  A  M. 

Sise:  1  X  4,  6,  8.  10,  and  12  in.  Common  Boards,  SIS  or  S2S  to  M  in.  SlE  or  S2E,  H  in.  ofT.  Shiplap  and 
D.  A  M.  1  X  4.  6,  8,  10,  and  12  in.,  finished  K  X  3K.  5K.  7,  0,  and  11  in.     Standard  lengths  are  multiples  of  2  ft. 

14.  Estimating  Quantities  of  Sheathing,  Flooring,  Etc. — The  following  rules  will  give 
quantities  actually  required  to  cover  various  surfaces.  The  results  are  to  be  taken  as  approxi- 
mately correct. 

Sheathing. — To  the  actual  superficial  area  to  be  covered,  excluding  openings,  add  15  %  for 
floors,  17  %  for  side  walls,  and  22  H  %  for  roofs. 

If  sheathing  is  laid  diagonally,  an  allowance  of  7  %  should  be  added  to  the  above  figures 
to  oover  waste. 
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The  above  figures  are  for  sheathing  laid  tight,  i.e.,  boards  not  separated. 
Flooring f  Ceiling,  and  Wainscoting. 

Square-edged:  For  material  3>^  in.  wide,  add  25%. 

Dressed  and  Matched: 

20  %  for  5-in.  flooring 
33  %  for  4-in.  flooring 
40  %  for  3-in.  flooring 

Siding, — To  the  net  superficial  area,  after  deducting  for  openings,  add  the  following: 

33 >3  %  for  6-in.  siding  laid  4>i  to  4?^  in.  to  the  weather. 

50  %  for  4-in.  siding. 
For  drop  siding,  use  the  figures  for  flooring  of  the  same  width. 

BUILDING  STONES 

By  H.  Ries 

Under  this  heading  are  included  all  natural  rocks  employed  for  ordinary  masonry  work, 
including  interior  and  exterior  decoration,  roofing,  and  flagging.  At  the  present  day  several 
kinds  of  artificial  stone  are  made  and  some  of  these,  such  as  artificial  marble,  may  be  good  im- 
itations, but  they  are  rarely  adapted  for  exterior  work. 

Most  of  the  building  stone  quarried  is  for  ordinary  dimension  blocks,  which  may  be  sold 
in  the  rough  and  dressed  later.  With  stone  for  ornamental  purposes  must  be  considered:  (1) 
the  possibility  of  carving,  sometimes  to  intricate  and  beautiful  designs  for  buildings  and  monu- 
ments; (2)  the  ability  to  take  a  high  and  durable  polish,  often  called  for  in  marbles  and  granites; 
and  (3)  fine  and  uniform  texture,  as  well  as  contrast  between  chiseled  and  polished  surfaces, 
both  necessary  in  stone  for  inscriptional  purposes. 

The  factors  which  affect  the  selection  of  a  building  stone  may  be  cost,  strength,  durability, 
and  ornamental  value. 

16.  Minerals  in  Building  Stones. — Only  a  small  number  of  mineral  species  are  important 
constituents  of  building  stones.  A  few  are  present  in  very  small  amounts,  as  scattered  grains, 
sometimes  of  microscopic  size.  These  in  many  cases  have  little  or  no  effect  on  the  quality  of 
the  stone.    The  more  important  ones  are  as  follows: 

QuartM. — Quarts,  or  silica,  is  very  abundant  in  some  building  stones,  such  as  sandstones,  granites,  and  soine 
gneisses.  Flint  and  chert  are  amorphous  or  non-crystalline  forms  of  silica,  often  of  dark  color,  and  occurring  as 
ooncretionary  masses  in  certain  rocks,  especially  limestones.  In  these  it  often  stands  out  in  the  weathered  surfaoe 
as  knots,  and  its  presence  is  undesirable. 

Fddapcur. — Orihoclasef  the  potash  feldspar,  is  a  silicate  of  alumina  and  potash.  It  is  a  common  constituent  of 
granites  and  many  gneisses,  and  is  also  present  in  the  variety  of  sandstone  known  as  arkose.  It  shows  two  sets 
of  cleavage  planes  which  intersect  at  right  angles.  Plagioclaae  feldspar,  commonly  referred  to  as  the  lime  soda 
feldspar,  is  a  common  constituent  of  some  baaic  igneous  rocks  in  which  quarts  is  rare  or  absent. 

Micaa. — Micas  are  platy  minerals,  all  silicates,  of  complex  and  somewhat  variable  composition.  They  have 
a  perfect  cleavage,  and  hence  split  readily  into  thin  elastic  leaves. 

Amphibole. — Amphibole,  a  complex  silicate,  has  two  varieties  which  are  most  likely  to  occur  in  building  stones; 
these  are  hornblende  and  tremolite.  Hornblende  is  dark  green,  brown,  or  black  in  color,  and  usually  occurs  in 
compact,  Bometimes  bladed  cry-stals  of  fair  lustre.  It  is  an  important  constituent  of  many  igneous  rocks,  and  of 
some  metamorphic  gneisses  and  schists.  TremoHte,  a  pale  green  variety,  occtirs  in  some  marbles,  forming  usually 
bladelike  or  silky-looking  masses.  It  is  an  injurious  mineral,  as  it  decomposes  readily.  Its  occurrence  in  the 
quarry  is  apt  to  be  very  irregular. 

Pyroxene. — Pyroxene  has  a  composition  and  color  similar  to  amphibole,  and  often  is  not  distinguishable  from 
hornblende  with  the  naked  eye.  One  dark  colored  variety,  augite,  is  an  essential  constituent  of  some  igenous  rocks. 
It  takes  a  good  polish  and  has  fair  durability. 

Calcite. — Calcite,  the  carbonate  of  lime,  is  white  when  pure,  effervesces  readily  with  hydrochloric  acid,  and  haa 
good  rhombohedral  cleavage.  It  is  an  important,  and  sometimes  the  only  constituent  of  limestone,  marble, 
and  onyx.  It  may  occur  in  the  cementing  material  of  sandstone  and  shale.  If  prosent  in  igneous  rocks,  it  is  a 
secondary  and  not  an  original  constituent.  Calcite  is  slightly  soluble  in  surface  water  containing  a  little  acid  whieh 
results  in  some  limestones  and  marbles  showing  solution  cavities  of  variable  size. 

Dolomite. — Dolomite,  the  double  carbonate  of  lime  and  magnesia,  resembles  calcite,  but  is  slightly  harder  and 
effervesoes  only  with  warm  add.     It  it  a  common  constituent  of  nutny  limestones  and  marbles. 
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G^fjitttm.— Osrpeum,  the  hydroua  sulphate  of  ime,  is  the  chief  constituent  of  those  stratified  rooks  known  as 
rock  gypsum,  and  is  not  found  in  many  building  stones.  It  is  soft  enough  to  be  scratched  with  the  thumbnail. 
Alabaster,  the  fine  grained,  white  massive  variety,  is  translucent  in  tnin  plates  and  has  been  used  for  ornamental 
purposes. 

Stirv^niine, — Serpentine,  a  hydrous  silicate  of  magnesia,  is  a  green  or  yellow  material  of  soapy  feel,  no  cleavage, 
and  soft  enough  to  be  easily  scratched  with  a  knife.  In  massive  form  it  is  a  common  and  important  constituent  of 
the  serpentine  or  verd  antique  marbles,  but  occurs  sometimes  as  specks  or  lumps  in  ordinary  marble.  Its  resistance 
to  weather  is  low. 

Pyrite. — Pyrite,  or  iron  pyrite,  the  iron  disulphide,  may  occur  in  all  kinds  of  rocks.  Its  yellow  color  and  metal- 
lic lustre  make  it  easily  recognisable.  It  is  an  undesirable  constituent  of  building  stones  since  it  weathers  easily 
to  limonite,  producing  a  rusty  stain. 

LimoniU. — Limonite,  a  hydrous  iron  oxide,  is  common  in  the  cementing  material  of  some  sedimentary  rooks, 
especially  sandstones,  but  in  others  may  be  formed  by  the  weathering  of  iron-bearing  silicates. 

16.  Rocks  Used  for  Building  Stones. — A  rock  may  be  defined  as  an  aggregation  of  minerals 
forming  a  portion  of  the  earth's  crust.  Rocks  can  be  divided  into  the  three  following  groups : 
igneous  rocks,  stratified  rocks,  and  metamorphic  rocks. 

16a.  Igneous  Rocks. — Igneous  rocks  are  formed  by  the  cooling  of  a  molten  mass. 
With  few  exceptions  they  agree  in  being  of  massive  structure,  more  or  less  crystalline  texture, 
and  free  from  statification  planes.     The  following  are  the  characters  of  the  common  types: 

Qranitea. — Composed  essentially  of  quarts  and  orthoclase  feldspar,  but  usually  containing  some  mica,  amphi- 
bole,  or  pyroxene.  ^  Texture — coarse  to  fine,  usually  even,  sometimes  porphjrritic.  Color — variable,  pink,  gray, 
or  white  common.  Valuable  as  a  building  stone  because  of  usually  high  durability,  variety  of  color  and  texture, 
and  susceptibility  of  taking  a  high  polish.  The  darker  granites  often  give  excellent  contrast  between  hammered 
and  polished  surface. 

Pegmatite. — Usually  of  very  coarse  grain,  occurring  commonly  in  the  form  of  dikes.  It  is  of  no  value  as  a 
building  stone  and  its  occurrence  in  some  granite  quarries  causes  serious  waste. 

Sfftnile. — An  even  granular  rock,  resembling  granite  in  texture,  composed  chiefly  of  orthoclase  feldspar,  but 
usually  having  some  hornblende,  mica,  or  pyroxene.  Color — usually  white,  pink,  or  gray.  Takes  a  good  polish 
but  of  little  importance  as  a  building  stone  because  of  its  restricted  occurrence. 

Diorite. — Similar  to  granite  in  texture,  composed  of  hornblende  and  plagioclase  feldspar,  often  much  biotite. 
Color — dark  gray  or  greenish.  Not  as  common  as  granite.  Takes  good  polish  and  sometimes  of  very  ornamental 
duuraeter. 

Cfabbro. — Like  granite  in  texture.  Consists  chiefly  of  pyroxene  and  plagioclase  feldspar;  the  former  sometimes 
predominating  to  such  an  extent  as  to  give  the  stone  a  very  dark  color.  Color — dark  gray  or  greenish  to  black. 
A  common  rock  in  the  United  States,  being  known  in  New  England,  the  Adirondacks,  Maryland,  Minnesota, 
Rooky  Mountains,  and  California. 

Diahate  or  Trap. — Dark,  fine  grained,  containing  plagioclase  and  pyroxene  as  essential  constituents.  DifTerp 
from  gabbro  in  manner  of  distribution  of  minerals,  which  gives  it  characteristic  appearance.  Sometimes  almost 
Uaek  on  rock  face  and  polished  surfaces.     Very  hard. 

Baealt. — Agrees  with  gabbro  mineralogically,  but  is  finer  grained,  gray  to  black,  and  sometimes  cellular. 
Occurs  as  lava  flows.     Not  important.     Much  jointed. 

166.  Stratified  Rocks. — Stratified  rocks  are  derived  from  the  weathering  prod- 
ucts of  pre-existing  rocks  and  laid  down  by  water  or  sometimes  by  wind.  They  show  a 
stratified  or  layered  structure  with  texture  varying  from  coarse  to  fine.  The  hardness  is  due 
to  cement  (usually  iron  oxide,  silica,  or  lime  carbonate)  deposited  between  the  grains,  and  hence 
the  degree  of  hardness  depends  on  amount  of  cementing  material.  Beds  are  of  variable  thick- 
ness, hence  only  the  thick  bedded  ones  are  of  value  for  dimension  stone.  Thin  bedded  ones 
may  be  useful  for  flagging  or  curbing.     Important  types  are: 

Sandstone. — Grains  are  chiefly  quarts  of  varying  sise  and  regularity,  bound  together  by  some  kind  of  mineral 
cement.  Color  is  Variable.  Varieties  are  micaceoua  sandstone,  with  abundant  mica  scales;  ort^ioceoiM  sandstone, 
containing  considerable  clay;  and  arkoae,  contcuning  angular  feldspar  fragments,  usually  in  abundance. 

Conglomerate. — Stratified  rock  composed  of  pebbles  of  rounded  character  and  more  or  less  cemented  together. 
Pebbles  may  be  of  different  kinds  of  rocks  but  quarts  ones  are  common.  Conglomerates  may  grade  into  sandstones. 
Not  much  used  for  building  stone. 

S/ude. — A  thin  layered  clay  rock,  formed  by  consolidation  of  clay.  No  value  as  a  building  stone.  Sometimes 
of  yalue formaldng  brick,  tile,  and  other  burned  clay  products. 

Limeetone. — As  used  in  its  broadest  sense,  the  term  includes  rocks  which  are  made  up  largely  of  calcite  or  dolo- 
mite, or  botn.  Properly  speaking,  limestone  is  applied  to  the  calcite  rocks,  and  dolomite  to  the  dolomitic  ones. 
There  is  no  sharp  line  of  separation  between  the  two.  Colors  of  limestone  and  dolomite  are  variable,  but  white, 
frsjr,  or  bUok  are  common;  hardness  is  also  variable.     Sand  and  clay  are  sometimee  common  impurities.     Texhit 
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ooane  to  fine.     Some  varieties  contain  large   quantities  of  shells  and  other  fossils.     Flint  and  pyrite  may  be 
present  in  some. 

Varieties  of  limestone  proper  are:  ehalkt  a  soft  limestone,  of  earthy  texture  and  usually  white  colfu*;  travertine, 
a  lime  carbonate  deposit  from  springs;  eoquina,  a  loosely  cemented  shell  aggregate;  and  onyx,  a  dense  crystalline 
form  of  lime  carbonate,  deposited  usually  on  the  floor  of  caves  by  percolating  water  carrying  lime  carbonate. 

16c.  Metamorphic  Rocks. — Metamorphic  rocks  are  those  formed  by  a  reor- 
ganization of  preexisting  rocks,  through  the  action  of  pressure,  heat,  and  water.  They 
usually  show  a  crystalline  or  grained  texture,  foliated  or  banded  structure,  and  low  porosity. 
Important  types  are: 

Qtiartzite. — Hard  siliceous  rock  differing  from  sandstone  in  being  denser  and  harder. 

Slate. — A  day  rook,  harder  than  shale,  and  possessing  a  well  developed  cleavage.  Color^—gxay,  black,  green, 
red,  and  purple.     Texture— rery  fine. 

Marble. — A  crystalline  limestone  or  dolomite.  Texture  and  color,  variable.  May  contain  silicate  minerals, 
graphite,  or  other  mineral  matter  scattered  through  it  in  grains,  streaks,  or  blotches.     Pure  marble  is  white. 

Oneisa. — A  banded  metamorphic  rook  often  having  the  same  mineral  composition  as  granite  or  sometimes  of 
other  igneous  rocks.     Color  is  variable. 

Schiet. — More  thinly  foliated  than  gneiss,  due  usually  to  an  excess  of  bladed  or  scaly  minerals,  such  as  mica. 
Is  of  little  value  as  a  building  stone. 

17.  Properties  and  Testing  of  Building  Stones. — The  properties  of  a  stone  exert  a  distinct 
influence  on  its  uses  and  durability.     There  are  standarized  tests  for  some. 

Texture. — The  texture,  or  the  grain  of  the  stone,  varies  from  coarse  to  fine,  or  regular  to 
irregular.     Uniformity  of  grain  b  desirable. 

The  grains  of  sandstone  are  usually  rounded  but  may  be  angular.  The  grains  of  igneous 
and  metamorphic  rocks  are  angular.  Limestones  are  usually  fine  grained,  but  may  be  very 
coarse  if  made  up  largely  of  shells,  or  have  an  oolitic  structure.  Marbles  are  apt  to  show  uniform 
texture  though  some  may  have  the  grains  more  elongated  in  one  direction  than  another.  Greater 
elongation  in  one  direction  affects  the  splitting  qualities  of  the  stone  and  should  not  be  over- 
looked. Texture  of  marble  is  affected  by  mineral  impurities  and  folding.  White  Alabama 
marble  and  Italian  Carrara  are  fine  grained,  while  Georgia  marble  is  coarse  grained.  Granites 
show  a  wide  range  of  texture  but  do  not  reach  as  great  a  degree  of  fineness  as  marbles. 

Dale  has  graded  Vermont  marbles  as  follows: 

Grain   Diameter 


Maximum  average 

General  average 

Millimeters                    Millimeters 

Millimeters 

Inches 

1.  Extra  fine 

0.2 

0.5 

0.75 

1.00 

1.50 

2.54 

0.06-0.10 
0.07-0.16 
0.10-0.25 
0.12-0.31 
0.20-0.60 
0.30-1.35 

0.06 
0.10 
0.12 
0.15 
0.24 
0.50 

0.0023 
0.0039 
0.0047 
0.0059 
0.0094 
0.0196 

2.  Very  fine 

3.  Pine 

4.  Medium 

6.  Coarse 

6.  Extra  coarse 

Hardness, — The  hardness  of  a  rock  depends  on  the  state  of  aggregation  of  its  component 
mineral  grains.  A  sandstone  may  be  mad^  up  entirely  of  hard  quartz  grains  very  loosely 
cemented,  so  that  the  rock  is  soft.  There  is  no  standard  test  for  hardness  of  stone.  It  can  be 
tested  by  measuring  its  abrasive  resistance,  or  the  rate  of  penetration  of  a  drilL 

Color. — Building  stones  show  a  variety  of  colors  including  white,  brown,  red,  yellow,  gray, 
buff,  black,  etc.     These  are  sometimes  a  blend  of  the  colors  of  the  component  minerals. 

Sandstones  owe  their  color  to  the  character  of  the  cementing  m  aterial.  Limestones,  if  pure, 
are  white;  but  carbonaceous  matter  frequently  colors  them  gray  or  black.  Pure  marbles 
are  white.     Graphitic  material  colors  them  gray  or  black,  while  silicate  mineral  impurities  give 
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them  various  colors,  the  latter  often  being  disposed  in  bands  or  cloudings.  In  igneous  rocks  and 
gneisses,  the  color  is  commonly  due  to  that  of  the  prevailing  minerals,  as  the  pink  color  of  ortho- 
clase  in  many  granites.  Change  of  color  is  common  in  some  rocks  but  it  does  not  necessarily 
indicate  decay  of  the  stone.  Green  slates  especially  may  fade;  dark  limestones  may  become 
lighter  colored  on  the  surface;  some  pink  granites  also  fade;  sandstones  occasionally  develop 
a  rusty  hue,  the  Berea  grit  of  Ohio  being  a  well-known  case.  Some  bluish  limestones  may  turn 
buff  on  exposure  due  to  the  change  of  the  iron  in  them  from  the  carbonate  to  the  oxide.  Atmos- 
pheric dust  may  speedily  discolor  light  stones,  such  as  white  marble.  A  white  scum  seen  on 
the  surface  of  sandstones  is  an  efflorescence  derived  from  soluble  salts.  These  may  come  from 
the  stone  itself  or  from  the  mortar. 

Permanence  of  color  can  often  be  gaged  by  comparison  of  a  fresh  surface  with  a  weathered 
one. 

Lighter  colored  stones  are  more  in  demand  for  general  work  than  dark  colored  ones,  and 
an  otherwise  perfectly  good  stone  is  sometimes  rejected  because  its  color  is  undesirable. 

Polish. — This  is  affected  by  the  density  and  character  of  mineral  constituents.  Dense 
stones  take  a  better  polish  than  porous  ones.  An  aggregation  of  different  minerals  gives  a 
less  continuous  polish  than  a  mass  of  the  same  minerals.  Quartz,  feldspar,  calcite,  and  dolomite 
polish  well,  hornblende  and  augite  less  so,  while  mica  is  difficult  to  polish. 

Porosity. — The  percentage  of  pore  space  varies  with  different  rocks.  Granitic  rocks, 
marbles,  gneisses,  quartzites,  and  most  limestones  have  low  porosity.  Sandstone  is  usually 
fairly  porous;  volcanic  tuffs,  some  lavas,  and  soft  limestones  may  show  high  porosity. 

Porosity  may  be  determined  by  the  following  formula* 


W  -  D 

W  -  S 


(100) 


in  which  P  =  per  cent,  porosity,  W  =  saturated  weight,  D  =  dry  weight,  and  8  =»  suspended 
weight  of  saturated  stone.  Saturation  may  be  obtained  by  soaking  the  stone  in  water  for  24 
hr.  and  then  boiling  for  at  least  1  hr. 

A  fact  often  overlooked  is  that  the  pores  of  a  stone  may  vary  in  size  and  shape.  Straight 
open  pores  permit  ready  drainage  of  absorbed  water.  Narrow  tortuous  pores  impede  it.  Two 
stones  of  equal  porosity  might  therefore  retain  absorbed  water  quite  differently  because  of  dif- 
ference in  size  and  shape  of  pores. 

Stones  of  high  porosity  usually  show  high  absorption,  but  not  necessarily  low  frost  resist- 
ance. Some  of  high  porosity  may  show  low  absorption  because  of  low  permeability,  the 
latter  being  influenced  by  ease  with  which  the  water  can  pass  from  one  pore  to  another. 

The  following  figures  give  the  range  of  porosit}'  for  several  kinds  of  building  stones  from 
different  regions. 


Wiscoiuiin 


Miasouri 


Ontario 


Granites . . . 
Limestones 
Sandstones 


0.1»-0.62 

0.&&-13.30 

4.81-28.28 


0.255-1.452 
0.32-13.38 
7.01  -23.77 


0.066-15.88 
4.947-17.517 
0.201-  0.628 


Absorption. — This  refers  to  the  amount  of  water  that  a  stone  will  absorb  when  immersed 
under  atmospheric  pressure  and  should  not  be  confused  with  porosity.  While  stones  of  low 
porosity  can  absorb  little  water  and  others  with  high  porosity  may  absorb  much  water,  the 
aborption  does  not  stand  in  a  constant  direct  relation  to  the  porosity.  Moreover,  the  water 
absorbed  by  cold  immersion  under  atmospheric  pressure  does  not  usually  completely  fill  the 
pores. 

Dense  rocks  like  granites,  gneisses,  slates,  marbles,  quartzites,  and  many  limestones, 
usually  show  a  low  absorption,  often  under  1  %.  Others  including  many  sandstones,  some 
mestones,  and  many  lava  or  tuff  rocks  may  absorb  from  2  %  up  to  perhaps  15  %  of  water. 
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To  test  the  absorption,  a  pieoe  of  the  stone  is  thoroughly  dried  at  110  deg.  C,  weighed,  and  then  immersed  in 
water  for  48  hr.,  after  which  it  is  weighed  again.  The  increase  in  weight  represents  the  weight  of  water  abeorbed, 
and  the  percentage  of  absorption  is  calculated  in  terms  of  the  original  dry  weight.  Immersing  the  stone  under  a 
vacuum  is  sometimes  advocated,  but  this  gives  misleading  results  as  it  caiises  the  stone  to  absorb  more  water  than 
it  normally  would. 

The  quantity  absorbed  under  different  conditions  does  not  always  show  great  variation  in 
dense  rocks,  but  may  vary  considerably  in  porous  ones. 

The  following  tests  by  Parks  give  the  average  ratios  of  absorption  for  different  rocks  under 
different  conditions. 


Kind 

One  hour 
immersion 

Two  hours 
immersion 

Slow 
immersion 

Vacuum 
immersion 

Immersion 

under 

pressure 

Average   of    10   sand- 
stones  

2.411 
0.232 
0.095 

2.665 
0.243 
0.103 

3.552 
0.298 
0.117 

1 

4.090 
0.371 
0.133 

4.518 
0.404 
0.147 

Average  of  16  granites. 
Average  of  10  marbles. 

As  a  building  stone  in  use  absorbs  water  under  atmospheric  pressure,  and  usually  only  from 
one  side,  even  the  ordinary  form  of  testing  is  liable  to  make  the  stone  absorb  more  water  than 
it  would  in  use. 

Permeability. — Water  will  permeate  stone  even  though  of  low  porosity,  resulting  sometimes 
in  discoloration  by  the  liquid  carrying  coloring  materials.  It  has  been  found  that  the  permea- 
bility does  not  stand  in  any  direct  relation  to  the  porosity,  as  shown  by  the  following  table: 


Porosity 
per  cent. 


Permeability.        Co.     of    water    passing 
through  3  mm.  plate  in  1  hr. 
under  15-Ib.  pres- 
sure per  sq. 
in. 


Guelph  limestone 

Guelph  limestone 

Chasy  sandstone 

Medina  sandstone 

Niagara  limestone 

Bcckmantown  limestone. 
Potsdam  limestone 


15.883 
14.62 
17.517 
10.44 
10.443 
1.313 
4.947 


5 
1 
25 


90. 

155. 

2. 

2130.00 

12.75 

0.72 

1.75 


In  every  rase  the  permeability  gradually  deorrasod. 


Stone  may  be  tested  for  permeability  by  cutting  slices  of  the  stone  3  mm.  thick  in  a  direction  at  right  angles 
to  the  bedding.  Water  is  then  forced  through  these  under  a  pressure  of  15  lb.  per  sq.  in.,  and  the  amount  of  flow 
in  1  hr.  recorded. 

Quarry  Water. — Rocks  in  the  ground  contain  more  or  less  wat«r  in  their  pores.  Quarry- 
men  call  this  quarry  water  and  it  is  necessary  on  removal  of  stone  from  quarry  to  let  this  water 
dry  out,  or  allow  the  stone  to  '"season."  Drying  out  of  the  quarry  water,  especially  that  from 
the  smallest  pores,  is  accompanied  by  the  deposition  of  the  dissolved  mineral  matter  which  it 
contains.  This  makes  the  rock  often  appreciably  harder.  Its  effect  is  most  pronounced  in 
the  case  of  porous  sandstones  and  limestones. 

A  stone  should  not  be  allowed  to  freeze  during  seasoning  as  the  quarry  water  freezing  with- 
in its  pores  may  cause  it  to  split.  Slate  must  be  split  before  the  quarr>'  water  dries  out,  and 
many  stones  carve  much  easier  before  seasoning,  which  in  some  cases  makes  the  stone  appreci- 
ably harder. 

The  working  faces  in  some  quarries  are  sometimes  protected  during  the  freezing  season 
either  by  covering  the  face,  or  filling  the  quarry  with  water. 
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Since  quarry  water  travels  more  readily  along  the  rift  or  bedding,  placing  a  block  on  edge 
with  one  side  in  sand,  often  prevents  disintegration  by  freezing. 

Strength, — The  strength  of  a  stone  ia  governed:  (1)  by  the  rock  structure,  such  as  rift, 
cleavage,  and  bedding;  (2)  by  the  hardness  of  the  grains;  and  (3)  by  the  state  of  aggregations, 
as  whether  interlocked  or  cemented,  and  in  the  latter  case  by  the  nature  of  the  cement. 

Many  tests  have  shown  that  most  building  stones  have  2  to  10  times  the  crushing  strength 
required  in  any  structure  where  they  will  be  used. 

The  minimum  strength  permissible,  can  be  determined  only  by  a  trained  engineer  or  archi- 
tect, and  while  few  cases  of  yielding  due  to  crushing  are  observed,  failures  due  to  stresses  ap- 
plied in  other  ways  are  not  uncommon. 

Crushing  Strength. — Buckley  states  that  the  stone  at  the  base  of  the  Washington  monu- 
ment sustains  a  pressure  of  314.0  lb.  per  sq.  in.,  and  that,  in  the  tallest  buildings  the  maximum 
pressure  at  the  base  is  not  more  than  half  of  this.  Assuming,  as  a  wide  factor  of  safety,  that  a 
stone  should  have  20  times  this  strength,  a  resistance  of  3146  lb.  per  sq.  in.  will  answer  all 
ordinary  requirements. 

Almost  any  reputable  stone  may  be  used  in  the  construction  of  ordinary  walls,  but  all  may 
not  be  suitable  for  special  architectural  elements,  as  pillars,  or  railroad  piers  which  may  not  only 
have  to  sustain  a  very  great  weight,  but  also  be  subject  to  jars. 

Stones  of  high  crushing  strength  are  in  general  denser  and  heavier  than  those  of  low  crush- 
ing strength,  and  hence  more  durable,  but  there  are  not  a  few  exceptions  to  the  last. 

Most  building  stones  show  a  loss  in  crushing  strength  after  freezing.  Tests  for  crushing 
stones  are  made  upon  cubes  of  the  stone,  preferably  of  2-in.  size. 

The  following  table  gives  the  crushing  strength  of  a  number  of  different  kinds: 


Kind 

Locality 

Crushing  strength,  lb.  per  sq.  in. 

Fresh 

Frosen 

Granite*,    

Athelstone,  Wis. 
Montello,  Wis. 
Brockville,  Ont. 
HaU,  Ont. 
Duck  Creek,  Wis. 
Sturgeon  Bay,  Wis. 
Thebault,  Ont. 
Presque  Isle,  Wis. 
North  Carolina 
Perth,  Ont. 
Pembroke,  Ont. 

19,088 
38.244 
26,200 
33,453 
24,522 
36.970 
17,604 

5,405 
10.322 
31,793 

9,530 

10,610 
35.045 
24.634 
32,271 
28,302 
20,777 
17,600 
5.030 
6.625 
28,012 
10.673 

Granite 

Qranite 

Gneiss 

IJmwptone, ,,,,,, 

Ijimetftone.    .    

Uznestone 

Handstone 

Sandstone ,.,.,.,,, 

Sandstone 

Sandstone 

Following  is  the  range  showing  by  several  classes  of  stones: 


Missouri. . 
Missouri. . 
Missouri . . 
Missouri. . 
Missouri. . 
Wisconsin. 
Wisconsin. 
Wisconsin. 
Wisoonsin 
l^^soonsin. 

Iowa 

Iowa 


L 


Limestone 

Limestone 

Sandstone 

Sandstone 

Granite 

Igneous  rocks 

Limestone 

Limestone 

Sandstone 

Sandstone 

Limestone 

Sandstone 


5.714—27,183  on  bed 
6,774—25,577  on  edge 
4,371—0,002  on  bed 
3,033 —  9,200  on  edge 

18.236—10.410 

15.009—47.674 
6,675 — 42,787  on  bed 
7,508 — 50,453  on  edge 
4,340—13,669  on  bed 
1,763 — 12.566  on  edge 
2,470—16,435 
3,600—13.900 
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For  workiDg  compressive  strength  of  stone  masonry,  see  Appendix  I, 
Transverse  Strength. — The  transverse  strength  is  not  necessarily  related  to  the  crushing 
strength.     Following  are  the  ranges  shown  by  several  classes  of  stone: 


Kind 

Modulus  of  rupture 

Wisconsin 

Missouri 

Ontario 

Granite 

2324.3-3909.7 

1164.3-4659.2 

362.9-1324.0 

1546-^3382 

Limestone 

851.30-3311.6 
418.61-1321.76 

817-4291 

417-2186 

1891-3734 

Sandstone 

Elasticity. — Buckley  gives  the  following  figures  showing  modulus  of  elasticity  in  Wisconsin 
stones : 


A.verage 

Minimum 

Maximum 

Granites  and  rhyolities 

1.111.000 
786.000 
165,000 

156.000 
31.500 
32.000 

2,070.000 

1.835.700 

400.800 

Limestones 

Sandstones 

Shearing  Strength — Shearing  is  a  form  of  stress  likely  to  be  brought  to  bear  on  stone  in 
some  parts  of  buildings.  Three  granites  tested  showed  a  shearing  strength  of  from  1742  to 
2872  lb.  per  sq.  in.;  three  sandstones  ranged  from  992  to  1383;  and  two  marbles  gave  1163  to 
1554. 

Frost  Resistance. — Alternate  heating  and  coohng  of  a  stone  causes  expansion  and  contrac- 
tion, which  may  be  detrimental  to  it,  but  if  the  stone  is  dry  the  injury  is  insignificant.  With 
water  present  in  the  pores,  the  effects  may  be  quite  different.  When  water  freezes  it  expands, 
and  if  this  water  is  imprisoned  in  the  pores  of  the  stone,  it  may  exert  sufficient  internal  pressure 
to  split  it,  and  so  since  the  amount  of  water  which  may  be  present  in  a  stone  is  related  to  the 
pore  space,  its  resistance  to  frost  is  closely  connected  with  that  of  porosity. 

The  frost  resistance  of  a  stone  depends  on:  (1)  whether  or  not  the  pores  are  full  of  water  at 
the  time  freezing  occurs;  (2)  the  shape  and  size  of  the  pores,  large  and  straight  pores  either 
allowing  the  water  to  drain  off  rapidly  before  it  does  any  damage,  or  else  permitting  the  ice  to 
force  its  way  outward  thus  relieving  internal  pressure;  and  (3)  the  amount  of  pore  space,  for 
the  higher  the  percentage,  provided  the  pores  are  of  equal  size  and  the  degree  of  saturation 
equal,  the  greater  the  damage  from  freezing. 

Pores  may  be  of  two  kinds,  capillary  and  sub-capillary,  the  latter  remaining  filled  under 
ordinary  draining.  Under  normal  conditions,  only  a  small  proportion  of  the  sub-capillary 
pores  become  filled  with  water  and  the  worst  possible  condition  would  be  represented  by  the 
complete  filling  of  these.  So  a  stone  with  a  large  proportion  of  fine  pores  is  more  liable  to  be 
injured  by  freezing.  Therefore,  the  ratio  between  fine  pore  space  and  total  pore  space,  gives 
a  factor  in  judging  the  ability  of  a  stone  to  withstand  frost.  Hirschwald  obtains  this  factor  as 
follows: 

A  dried  and  weighed  test-cube  is  immersed  in  water  for  from  1  to  2  hr.  if  the  stone  is  to  be  used  above  sround, 
and  for  from  2  to  30  days  if  the  stone  is  to  be  used  below  the  ground.  The  increased  weight  of  cube  repreaenta 
the  fine  pore  space  that  would  be  filled  under  worst  possible  natural  conditions.  Next  the  cube  is  completely  satu- 
rated by  immersion  under  vacuum  or  strong  atmospheric  pressure,  and  weighed  again.  The  quotient  obtained  by 
dividing  the  increase  representing  the  fine  pores  by  tlie  increase  representing  the  total  pores  gives  the  proportion  of 
fine  pore  space  to  total  pore  space  and  is  termed  the  atUuration  coefficient.  If  the  quotient  is  greater  than  0.9,  there 
is  danger  of  the  stone  being  injured  by  frost,  but  if  lew  than  0.9  no  injury  can  result. 
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Parks  in  carrying  out  the  above  tests  on  a  series  of  Ontario  stones  for  work  above  ground, 
found  that  the  saturation  coefficient  for  granites  and  gneisses  ranged  from  0.67  to  0.8;  seven 
marbles  ranged  from  0.44  to  0.d4,  the  finer  grained  types  giving  higher  results  than  coarse 
grained  ones;  sandstones  ranged  from  0.21  to  0.57,  while  the  limestones  varied  from  0.11  to 
0.91. 

The  usual  but  unsatiafactory  method  of  testing  frost  resistance  consists  in  thoroughly  drying  a  cube  of  stone 
and  then  weighing,  after  which  it  is  soaked  in  water  for  36  hr.  It  is  then  subjected  to  40  alternate  freesings  and 
thawings.  Following  this  the  stone  is  dried  and  reweighed.  Loss  in  weight  indicates  particles  chipped  off  by 
freeaing. 

Fire  Resistance, — Building  stones  often  suffer  serious  injury  when  exposed  to  fire,  or  the 
combined  effects  of  fire  and  water.  Stone  expands  when  heated  and  contracts  when  cooled, 
but  the  amount  for  a  bar  1  ft.  long,  heated  1  deg.,  is  exceedingly  small,  granite  for  example 
expanding  0.000004825  in.  per  ft.  for  each  degree.  When  subjected  to  fire,  a  stone  is  rapidly 
heated  and  expanded,  and  if  doused  with  water  undergoes  equally  rapid  cooling  and  contraction. 
Moreover,  stones  are  poor  conductors  of  heat,  hence  the  exterior  of  a  large  block  may  be  quite 
hot,  while  the  interior  is  still  cool,  thus  setting  up  stresses  which  disrupt  the  stone.  Few  stones 
have  good  fire  resistance  as  witnessed  by  their  spalling  off  during  conflagrations.  However, 
some  stand  up  better  than  others.  Rocks  of  close  fabric,  interlocked  grains,  and  simple  mineral 
composition  seem  to  show  the  best  resistance.  Tests  by  McCourt  indicated  that  most  stones 
were  fairly  resistant  up  to  550  deg.  C.  At  850  deg.  C  all  were  more  or  less  injured;  granites 
and  gneisses  spalled  and  cracked;  sandstones  parted  along  the  bedding  planes,  a  few  developing 
cross  fractures;  limestones  were  little  injured  up  to  temperature  of  calcination  but  after  that 
failed  badly;  marbles  developed  cracks  before  the  calcination  temperature  was  reached. 

In  testing  for  fire  resistance,  a  cube  of  stone  of  not  less  than  3  or  4-in.  sise  is  employed,  smaller  sises  giving  un- 
reliable results  as  the  stone  gets  heated  through  too  readily.  Pairs  of  cubes  are  heated  to  5dO  and  860  deg.  C, 
respectiTely,  one  of  each  pair  being  allowed  to  cool  slowly,  the  other  cooled  rapidly  by  being  plunged  into  cold 
water.  A  fifth  cube  is  exposed  to  a  large  flame  blast  for  5  min.,  allowed  to  cool  in  air  for  1  min.,  and  again  blasted, 
this  alternation  being  repeated  until  the  stone  cracks.  A  sixth  cube  is  alternately  exposed  to  the  action  of  the  blast 
and  a  stream  of  cold  water.     All  damage  to  the  cubes  is  noted. 

Abrasive  Resistance, — This  property  depends  on  the  state  of  aggregation  of  the  mineral 
particles  and  in  part  on  their  individual  hardness.  Different  stones  wear  very  differently,  and 
one  of  uneven  hardness  may  wear  in  very  irregular  manner.  The  use  of  stones  in  steps  or  even 
floors  of  public  buildings  where  there  is  much  passing,  serves  well  to  bring  out  their  resistance 
to  abrasion. 

Abrasion  may  also  be  caused  by  wind  blown  sand  and  dust  and  the  effects  of  this  will 
sometimes  smooth  or  polish  rocks  as  hard  as  quartzite. 

It  is  not  uncommon  to  find  uneven  marble  floors  due  to  the  fact  that  tiles  of  uneven  hard- 
ness set  side  by  side  have  worn  down  very  unevenly. 

A  common  method  of  testing  abrasive  resistance  consists  in  laying  a  slab  of  this  stone  to  be  tested  on  a  grind- 
ing table,  weighting  it  down,  and  applying  emery  or  some  other  abrasive  at  a  given  rate  while  the  table  revolves 
a  certain  number  of  times.  The  stone  is  weighed  before  and  after  the  test  and  the  loss  in  weight  noted.  An  ob- 
jection to  this  method  is  the  difficulty  of  feeding  the  abrasive  uniformly  under  the  test  piece. 

A  second  suggested  method  consists  in  forcing  sand  through  a  G-cm.  opening  under  a  dry  steam  pressure  of  3 
atmospheres  for  2  min.  The  stone  to  be  tested  is  held  immediately  over  the  opening.  This  test  is  supposed 
to  determine  not  only  the  extent  to  which  the  stone  will  be  abraded  under  the  given  conditions,  but  also  brings  out 
irregularities  in  hardness. 

Specific  Gravity  and  Weight  per  Cubic  Foot. — The  apparent  specific  gravity  of  a  rock  may 
differ  from  the  specific  gravity  of  its  component  minerals,  the  former  being  influenced  by  the 
porosity.    A  rock  of  high  porosity  will  have  a  low  apparent  specific  gravity. 

Bowles  gives  the  following  figures  illustrative  of  the  above: — Friable  sandstone:  specific 
gravity,  1.825;  weight  per  cubic  foot,  113.1  lb. ;  ratio  of  absorption,  1.8.  Quartzite:  specific 
gravity,  2.729;  weight  per  cubic  foot,  170.6  lb.;  ratio  of  absorption,  1.506. 

Softening  Effect  of  Water. — The  cementing  material  of  some  stones,  such  as  sedimentary 
ones,  may  be  softened  by  contact  with  water.     The  degree  to  which  the  stone  is  affected  is 
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taken  as  an  index  of  its  durability.  By  deteimining  the  tensile  strength  of  a  dry  piece  and  one 
that  has  been  soaked  for  28  days,  and  dividing  the  latter  by  the  former  we  obtain  the  softening 
coefficient. 

Corrosion  by  Gases, — Both  oxygen  and  carbon  dioxide  when  brought  in  contact  with  stone 
through  the  medium  of  moisture,  may  cause  corrosion.  Oxygen  will  cause  the  change  of  pyrite 
to  Umonite,  or  the  rusting  of  other  iron  minerals.  Carbon  dioxide  causes  slow  superficial 
disintegration  at  least  by  solution  of  carbonate  compounds.  Sulphurous  fumes  may  be 
more  injurious  than  those  of  carbon  dioxide.  Tests  along  these  Unes,  carried  on  for  several 
weeks  or  months,  give  measurable  results. 

The  test  for  corrosion  may  be  carried  out  as  follows:  Cubes  of  approximately  l-in.  sise  may  be  used,  dried  at 
110  deg.  C,  carefully  weighed,  and  the  exact  superficial  area  determined.  They  are  then  suspended  by  threads  in 
a  bottle  of  distilled  water  into  which  a  stream  of  carbonic  acid  gas  is  conducted.  The  water  is  renewed  every  few 
days  and  the  treatment  continued  for  4  weeks.  At  the  end  of  this  time  the  specimens  are  removed,  washed  in  dis- 
tilled water,  carefully  rubbed  with  the  finger  tips  to  remove  loose  particles,  thoroughly  dried,  and  weighed.  The 
loss  in  weight  denotes  amount  of  damage  caused  by  the  carbonic  acid  gas  and  may  be  expressed  in  grains  per  equars 
inch  of  surface  exposed. 

Microscopic  Examination  of  Stone, — Microscopic  examination  as  an  aid  to  the  study  of 
building  stone,  has  received  con.<«iderable  emphasis  in  recent  years.  Such  an  examination 
should  be  made  by  one  familiar  with  the  subject  and  may  give  valuable  information  regarding 
structural  defects  likely  to  cause  trouble,  the  cause  of  differences  in  workability  of  two  stones, 
the  presence  of  injurious  minerals  not  easily  seen  with  the  naked  eye,  etc. 

Sonorousness, — This  test  is  specially  applied  to  marbles  and  slates.  When  a  good  slate 
or  sound  dense  piece  of  marble  in  form  of  a  slab  is  suspended,  it  gives  a  clear  sound  when  struck 
with  a  hard  object.  Mica  slates  are  usually  more  sonorous  than  clay  slates.  Solid  massive 
marbles  are  more  sonorous  than  brecciated  ones. 

Special  Tests  for  Slate. — All  of  the  tests  previously  referred  to  may  be  applied  to  slate,  but 
certain  ones  may  be  appUed  because  of  certain  special  uses  to  which  it  is  put.  These  are  as 
follows: 

CUavabUity. — This  is  to  determine  the  ease  and  smoothness  with  which  the  slate  cleaves.  It  should  be  det«r> 
mined  by  a  good  workman  using  a  thin  chisel  with  a  2-in.  edge. 

Character  of  Cleavage  Surface. — In  general,  the  smoother  the  surface  the  better,  as  it  gives  less  chance  for  lodg- 
ment of  injurious  materials.  Its  smoothness  may  be  examined  with  a  hand  lens.  A  good  slate  also,  when  scaled 
along  cleavage,  should  show  thin  chips  with  translucent  edges.  Most  good  slates  show  little  or  no  observaUe 
texture  to  the  naked  eye. 

Presence  of  Lime  Carbonate. — This  is  determined  roughly  by  treating  the  slate  with  dilute  hydrochloric  acid. 
A  slate  with  high  lime  carbonate  content  is  generally  less  durable. 

Pretence  of  Moffnetite. — To  roughly  determine  this  an  inch  cube  may  be  pulvcrired,  and  tested  with  a  magnet. 
For  electrical  purposes  slate  with  magnetite  is  undesirable. 

ToiLghneee  or  Blaeticity. — This  is  tested  by  measuring  the  deflection  when  a  slate  is  placed  on  supports  22  in. 
apart,  and  pressure  applied  from  above. 

Corrodihility. — The  resistance  to  corrosion  is  determined  by  immersing  a  weighed  piece  of  slate  in  a  solution 
consisting  of  08  parts  water,  1  part  sulphuric  acid,  and  1  part  hydrochloric  acid.  After  soaking  40  hr.,  the  stone  it 
dried  and  weighed,  the  loss  in  weight  being  noted. 

Special  Tests  for  Marble. — In  addition  to  the  usual  tests  that  may  be  applied  to  all 
building  stones,  the  following  are  specially  used  for  marbles; 

Poronty. — A  sawed  block  2  X  IX  1  in.  is  thoroughly  dried  out  and  then  immersed  for  48  hr.  in  a  concentrated 
4%  alcoholic  solution  of  nigrosine,  a  deep  blue  dye  soluble  in  alcohol.  After  dr>'ing  for  half  an  hour  the  blocks  are 
split  with  hammer  and  chisel,  and  the  degree  of  porosity  is  indicated  by  the  extent  to  which  the  color  has  penetrated 
the  blocks. 

This  test  is  important  because  of  the  frequent  combination  of  metals  and  marbles  on  exposed  faces.  The 
oxidation  of  the  metal  yields  coloring  compounds  which  may  be  absorbed  by  the  marble. 

Tranalucence. — The  marble  is  cut  into  thin  slabs  and  the  degree  to  which  it  transmits  light  may  be  determined 
by  ordinary  photometric  methods.  Marbles  show  great  differences  in  their  light  transmitting  capacity,  and  this 
effects  their  translucence.  Few  marbles  have  been  tested  in  this  manner.  The  best  Pentellio  marble  allowed 
light  to  penetrate  0.50  in.,  Parian  marble,  1.37  in.,  Carrara  statuary  marble,  1.18  to  1 .57  in. 

Statuary  Teat. — Marble  for  statuary  purposes  should  be  inspected  on  a  dull  day  with  a  good  light,  the 
surface  examined  being  wet.  It  should  show  uniform  texture,  fine  grain,  and  freedom  from  veins  and  discolora- 
tion. 
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Durability  of  Stone. — ^This  is  a  question  of  great  practical  importance.  No  stones  are  of 
eternal  lasting  power  but  some  withstand  the  weathering  agents  for  several  centuries  while 
others  show  signs  of  decay  in  a  few  years  or  even  in  a  few  months.  The  factors  governing 
durability  are:  (1)  physical  and  mineralogical  characters  of  the  stone;  (2)  climatic  conditions; 
and  (3)  location  in  building.  Much  valuable  information  can  be  obtained  by  observing  stones 
in  buildings  long  exposed  to  weather  or  the  weathered  surface  in  quarries. 

Julien,  as  a  result  of  observation  on  buildings  in  New  York  City,  gives  the  life  of  different 
stones  in  that  climate  as  follows: 

Kind  Life  in  yean,  or  length  of  time 

before  repairs  are  neoeasary 

Coarse  brownstone 5  to  15 

Fine  laminated  brownstone 20  to  50 

Compact  brownstone 100  to  200 

Nova  Scotia  sandstone,  untried 50  to  200  perhaps 

Ohio  sandstone  (best  siliceous  variety)  perhaps  from  one  to  many  cen- 
turies 

Coarse  f oesilif erous  limestone 20  to  40 

Fine  oalitic  (French)  limestone 30  to  40 

Marble,  coarse  dolomitic 40 

Marble,  fine  dolomitic 60  to  80 

Marble,  fine 50  to  100 

Granite 75  to  200 

Qneiss,  50  yr.  to  many  centuries. 

A  stone  for  interior  work  does  not  require  the  weather  resistance  of  one  for  outside  work. 
Stone  for  exterior  use  meets  different  conditions  whether  used  above  or  below  ground,  or  even 
whether  exposed  in  a  vertical  surface  where  water  drains  off  rapidly,  or  in  a  horizontal  surface 
where  it  can  accumulate. 

The  changes  produced  in  a  building  stone  are  those  incident  to  ordinary  weathering  and 
may  be  of  either  physical  or  chemical  nature.  Among  these,  frost  action  is  as  a  rule  the  most 
destructive,  searching  out  the  most  minute  cracks  and  causing  the  chipping  or  flaking  off  of 
pieces  of  rock.  The  Connecticut  brownstone  so  extensively  used  in  former  years  in  the  eastern 
cities  and  usually  set  in  the  building  on  edge,  often  shows  serious  injury  from  frost.  Warmth 
and  humidity  are  also  potent  agents  of  weathering. 

Certain  structural  irregularities,  like  grains  or  lumps  of  pyrite,  veins  of  calcite,  fossil  shells, 
and  even  chert  nodules  may  hasten  the  decay  of  a  stone. 

In  the  quarry  the  rock  adjacent  to  weathered  joints  is  often  sufficiently  altered  to  require 
rejection. 

Acid  gases  in  the  atmosphere,  coming  in  contact  with  limestones  or  marbles,  or  sandstones 
containing  calcareous  cement,  also  work  for  the  slow  destruction  of  the  stone.  In  the  latter 
case,  sulphuric  acid  gases  attacking  carbonates  may  form  soluble  sulphates,  which  are  brought 
to  the  surface  as  the  wet  stone  dries  out.  There  they  may  form  a  white  scum  on  the  surface  or 
if  the  salts  crystallize  in  the  pores  of  the  stone  just  below  the  surface,  a  scaling  off  of  the  stone 
is  likely  to  follow. 

18L  Styles  of  Dressing  Stone. — Rttbble  is  stone  of  all  shapes  and  sizes  that  is  laid  up  with 
little  or  no  regularity.  Walls  laid  up  this  way  are  known  as  rubble  work.  Coursing  stone  is  a 
term  applied  when  the  wall  is  laid  up  in  tiers  or  courses.  The  stones  may  or  may  not  be  cut  to 
equal  length  to  resemble  brick  work.  Random  coursing  refers  to  walls  built  up  of  rectangular 
and  bedded  blocks  of  various  sizes.     Dimension  stone  properly  applies  to  stone  cut  to  size. 

The  recognized  methods  of  surfacing  are:  (1)  rock  face — natural  broken  surface  of  the 
stone;  (2)  pointed  face — surface  dressed  comparatively  flat  by  means  of  the  point;  (3)  ham- 
mered face — surface  made  plane  by  hammering  with  patent  hammers  of  different  kinds;  (4) 
ribbed  or  tooth  chiseled — surface  obtained  by  using  a  wide  flat-toothed  chisel,  or  more  often 
produced  by  machinery,  a  common  type  of  finish  for  many  soft  stones;  (5)  sand  finished — 
produced  by  rubbing  a  surface  smooth  with  sand,  often  applied  to  marble  for  exterior  work. 

19.  Dressing  Machines — Gang  Saw, — Used  for  cutting  large  blocks  up  into  slabs.  Con- 
iiste  of  an  upright  rectangular  frame  with  a  large  post  of  wood  or  steel  at  each  corner.    Suspe nded 
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from  this  and  free  to  swing  between  the  posts,  is  a  horizontal  steel  sash  which  can  be  raised  or 
lowered.  The  sash  is  given  a  sawing  motion  by  means  of  a  pitman,  which  in  turn  is  operated 
by  a  belt-driven  crank  attached  to  a  fiy  wheel.  The  saws,  which  are  bands  of  soft  steel  3  in. 
wide  and  %  in.  thick,  are  stretched  between  the  head  pieces  of  the  sash,  and  held  in  position  by 
keys.  The  spacing  of  the  saws  determines  the  thickness  of  the  slabs  cut.  During  operation  a 
continuous  supply  of  sand  and  water  is  fed  over  the  stone  and  it  is  the  sharp  sand  which  cuts 
the  stone.  The  overflow  is  caught  in  a  hopper  below  the  block,  and  used  over  again.  The 
above  type  is  generally  used  for  marble  and  limestone.  For  granite  and  hard  sandstone  a 
modified  form  of  structure  is  used,  the  saw  blades  are  heavier  and  notched  on  the  edge,  and 
chilled  shot  or  crushed  steel  is  the  abrasive. 

At  one  Vermont  marble  mill  the  standard  saws  will  cut  a  block  10  ft.  long,  6  ft.  wide,  and 
6  ft.  high.     At  another  mill,  saws  working  on  blocks  of  marble  6  ft.  long,  sink  1  in.  per  hour. 

Rvhhing  Bed. — This  consists  essentially  of  a  revolving  steel  plate  or  table  from  4  to  14  ft.  in 
diameter,  and  driven  at  a  rate  of  44  to  48  revolutions  per  minute.  A  wooden  box  surrounding 
the  plate  prevents  scattering  of  sand  and  water.  The  stone  is  placed  face  down  on  the  rubbing 
bed  and  weighted.  A  cross  bar  above  the  table  also  holds  it  stationery.  Sand  and  water  are 
supplied  during  the  operation. 

Planing  Machines. — In  these  the  stone  is  moved  to  and  fro  on  a  horizontal  bed,  while  it  is 
subjected  to  the  cutting  of  grooves,  channels,  or  cornices. 

Lathes. — These  are  used  for  turning  columns  or  other  round  work.  The  cutting  is  usually 
done  with  a  fixed  chisel,  but  in  granite  work,  the  chisel  is  replaced  by  a  steel  disc  set  obliquely 
against  the  stone  and  rotating  with  it. 

Gritting  and  Polishing  Machines. — These  give  the  stone  further  treatment  after  the  rubbing 
bed.  The  machines  vary  in  weight  and  rigidity  according  to  class  of  work.  Marble  gritters 
and  polishers  differ  in  character  of  abrasive  and  speed  of  rotation.  With  granite,  the  head  or 
polishing  surface  is  quite  different  from  that  used  for  marble. 

The  machine  consists  of  a  horizontally  rotating  disc  to  which  different  types  of  head  can 
be  attached.  The  upright  spindle  and  disc  are  rotated  at  the  end  of  a  jointed  adjustable  arm 
so  that  the  polishing  surface  may  be  moved  over  all  parts  of  the  stone.  For  marble  gritting 
the  heads  are  12  in.  diameter,  with  blocks  of  abrasives  attached  in  a  radial  manner  on  the  under 
side.  Finer  grades  are  used  as  polishing  proceeds.  Scotch  hone  is  used  for  final  operation, 
operating  at  200  r.p.m.  Polishers  or  buffers  have  felt  heads  about  20  in.  in  diameter,  operating 
at  400  r.p.m.     Putty  powder  produces  the  gloss. 

Diamond  Saw. — This  is  used  for  making  single  cuts.  There  are  several  types  but  all 
consist  essentially  of  a  steel  disc  in  the  margin  of  which  a  number  of  carbons  are  mounted. 

Carborundum  Machines, — Carborundum  wheels  are  extensively  used  in  marble  finisbing 
shops  for  curved  work,  moldings,  cornices,  balusters,  etc.  The  carborundum  wheel  is  first 
set  in  a  lathe,  and  with  a  steel  tool  cut  to  shape  of  negative  of  pattern  desired.  The  wheel  is 
then  placed  on  a  shaft  and  marble  block  on  the  machine  bed  travels  beneath  it.  Balusters 
are  turned  out  quicker  this  way  than  on  lathes.  A  Vermont  company  completes  in  1  hr.  a 
baluster  3M  ft-  long  and  6  in.  greatest  diameter.  Carborundum  saws  are  also  used  in  fluting 
marble  columns. 

20.  Properties,  Distribution,  and  Uses  of  the  Most  Important  Btiilding  Stones. 

20a.  Igneous  Rocks. — Many  kinds  are  used  in  structural  work.  Among  the 
harder  denser  ones,  the  granites  find  greatest  favor  because  of  abundance,  lighter  color,  and 
structural  features  in  the  quarry.  Syenites  and  diorites  are  rare  and  in  little  demand.  They 
possess  no  advantage  over  granite.  Gabbros  are  too  dark  to  suit  most  architects  but  occasion- 
ally are  of  value  for  decorative  purposes.  Diabase  is  hard  and  not  usually  obtainable  in  large 
blocks,  but  has  been  used  for  paving. 

The  volcanic  rocks,  including  many  lavas  and  tuffs,  are  abundant  in  the  far  west  and  Mexi- 
co. They  are  often  porous  and  soft  and  adapted  for  work  in  a  dry  climate  above  ground.  The 
granites  deserve  special  mention. 

Granite. — This  term  is  sometimes  rather  loosely  used  and  may  even  include  gneiss.  Dia- 
base and  gabbro  are  sometimes  called  black  granite.    Only  granites  proper  are  here  considered. 
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They  show  the  following  properties:  textvre — coarse  to  fine,  sometimes  porph3rritic;coZor — ^red, 
pink,  white,  gray,  and  intermediate  shades;  crushing  strength — good,  average  range  15,000  to 
30,000  lb.  per  sq.  in.;  modulus  of  rupture — average  of  a  number  of  tests,  1420  to  2410,  another 
set  gave  24S0 — ^3382;  elasticity — ^rarely  tested,  one  set  tested  in  pieces  of  20-in.  length,  and  5.5 
in.  diameter  at  middle  showing  compression  of  0.0108  to  0.0243  in.  under  load  of  5000  lb.  per 
sq.  in.  with  a  lateral  expansion  of  from  0.005  to  0.007  in. ;  porosity — always  small,  and  absorption 
usually  under  1  % ;  fire  resistance — not  good,  spalls  easily  under  combined  effects  of  fire  and  cold 
water;  weight  per  cu.  ft. — 165  to  170  lb.;  specific  gravity — ^about  2.66,  which  is  equivalent  to  2 
long  tons  or  4480  lb. per  cu.  yd. 

Uses. — Granite  has  a  wide  variety  of  uses  on  account  of  durability,  textural  and  color 
variations.  Coarser  and  medium  grained  varieties  are  best  for  massive  work,  and  the  finer 
and  even  textured  ones  for  monumental  and  decorative  uses.  Many  take  a  high  and  durable 
polish,  and  darker  ones  often  give  excellent  contrast. 

Distribution  of  Igneous  Rocks  in  the  United  States — Eastern  Belt. — ^Extends  from  Maine  to 
Georgia.  The  most  productive  region  of  the  United  States  supplying  granite  of  varied  color 
and  texture.  The  quarries  of  Maine  often  located  along  coast  where  shipments  can  be  made 
by  water.  Those  of  Vinal  Haven  and  Hurricane  Island,  Me.,  Barre,  Vt.,  Concord,  N.  H., 
Cape  Ann,  Quincy  and  Milford,  Mass.,  Stony  Creek,  Conn.,  Mount  Airy,  N.  C,  and  Stone 
Mountain,  Ga.,  are  especially  well  known.  Some,  like  Port  Deposit,  Md.,  have  a  gneissic 
structure.  Windsor,  Vt.,  supplies  a  magnificent  green  granite.  The  Quincy,  Mass.  and  West- 
erly, R.  I.,  are  noted  for  monumental  work.  A  variety  of  gabbro  quarried  in  the  Adirondack 
Mountains  of  New  York  is  also  of  ornamental  value.  Diabase  is  extensively  quarried  in  the 
Palisades  of  the  Hudson  for  road  material  and  paving  blocks. 

Wisconsin- Minnesota  Area. — Many  good  granites  occur  in  these  two  states.  The  Montello 
of  Wisconsin  is  a  splendid  red  for  polished  moniunental  work.  St.  Cloud  and  Ortonville, 
Minn.,  are  likewise  well  known. 

Southwestern  Area. — This  includes  the  pink  granites  of  southeastern  Missouri,  the  syenites 
near  Little  Rock,  Ark.,  and  Wichita  and  Arbuckle  Mountain  districts  of  Oklahoma,  and  some 
small  areas  of  excellent  granite  in  Llano  and  Burnett  Counties,  Tex. 

CordiUeran  Area. — This  supplies  excellent  granites  in  the  Sierra  Nevada  belt  of  California, 
and  many  volcanic  rocks  adapted  for  structural  work  in  the  area  to  the  east.  Granites  and 
gneisses  occur  in  the  Rocky  Mountains  but  are  little  used. 

Canada. — The  provinces  of  Quebec,  Ontario,  and  British  Columbia  contain  a  number  of 
excellent  granites.     Some  excellent  volcanics  are  also  quarried  on  Vancouver  Island. 

206.  Sandstones. — Texture — ranges  from  coarse  to  fine,  the  former  passing 
into  conglomerates  and  the  latter  by  increase  of  clay  into  shale;  hardness — ^variable,  and  depend- 
ent on  nature  and  quantity  of  cement,  the  strongly  cemented,  dense  siliceous  ones  being  called 
quartzite;  color — ^variable,  commonly  due  to  iron  cement  giving  reds,  browns,  and  yellows, 
while  clay  or  organic  matter  will  often  give  gray;  absorption — shows  wide  range,  the  hard  dense 
ones  like  quartzites  showing  under  1%,  while  more  porous  ones  run  as  high  as  10%;  mineral 
impurities — ^pyrite  and  sometimes  mica,  the  latter  if  abundant  along  bedding  planes,  causing 
stone  to  split  under  frost  action;  crushing  strength — shows  average  range  of  9000  to  20,000  lb. 
per  sq.  in.,  or  higher,  but  quartzites  may  run  much  higher;  transverse  strength — a  set  of  10  from 
Ontario  showed  a  modulus  of  rupture  ranging  from  417  to  2186  lb.  per  sq.  in. ;  specific  gravity — 
about  2.6;  apparent  specific  gravity — ^from  about  1.8  to  2.7;  weight  per  cu.  ft. — ^from  as  low  as 
113  to  as  high  as  170,  depending  on  porosity;  porosity — oranges  from  2%  to  over  15%;  fire 
resistance — fairly  good  except  in  dense  stones. 

Uses. — These  include  structural  uses,  as  for  dimension  block,  carved  stone,  steps,  floor  tile, 
paving  blocks,  grave  vaults,  concrete,  road  material,  grindstones,  glass  sand,  and  silica  brick. 
Some  of  these,  especially  the  last  three,  call  for  stone  of  special  qualities. 

VariHes. — ArAose,  composed  chiefly  of  feldspar  grains;  Bluestone,  a  flagstone  much  quarried 
in  eastern  New  York,  but  the  name  is  applied  also  to  many  other  bluish  gray  sandstones;  J^rotm^ 
stone,  a  brown  sandstone  formerly  much  quarried  in  Connecticut  Valley,  but  the  name  has  lo0t 
its  geographic  significance;   Freestone,  a  sandstone  which  splits  freely  and  dresses  easily; 


910  HANDBOOK  OF  BUILDING  CONSTRUCTION  [Sec  7-20c 

(haywackcj  a  hard  compact  sandstone,  composed  of  grains  of  feldspar,  quartz,  slate,  and  perhaps 
other  minerals  with  a  clayey  cement. 

Distribution  of  Sandstones  and  QtutrUzUes, — Sandstones  especially  are  very  widely  dis- 
tributed in  many  parts  of  the  United  States  and  Canada.  The  most  important  in  the  former  is 
the  Berea  quarried  in  northern  Ohio  and  shipped  to  many  points  both  east  and  west.  Many 
good  ones  are  quarried  in  Canada. 

20c.  Limestones. — Mineral  composition — ^may  be  either  calcitic  or  dolomitic 
but  the  two  grade  into  each  other;  mineral  impurities — pyrite  in  many  and  undesirable  on  ac- 
count of  its  weathering  to  limonite,  chert  not  uncommon  in  some  but  la  undesirable  because  it 
weathers  out  as  knots  and  may  cause  stone  to  split  on  exposure  to  weather,  or  interfere  with  drill- 
ing, and  cutting;  color — ^various  shades  of  blue,  gray,  black,  and  white;  hardness — oranges  from 
soft  porous  ones,  like  those  of  Bermuda  or  Caen,  France,  easily  cut  with  saw,  to  dense  massive 
varieties;  texture — ^usually  fine  grained  but  sometimes  coarse;  absorption — usually  under  2% 
but  some  may  run  as  high  as  10  to  12%;  crushing  strength — shows  wide  range,  a  series  of  34 
Canadian  ones  running  from  8000  to  37,000;  transverse  strength — ^variable,  some  being  as  low 
as  800  and  others  as  high  as  4000,  with  2000  about  the  average  modulus  of  rupture;  jlre  resistance 
— ^fair,  at  temperatures  below  that  required  to  convert  the  stone  into  quicklime. 

Varieties  of  Ldmestone. — Chalk — fine  white  earthy  limestone,  not  of  much  use  for  building; 
Coquina — a  loosely  cemented  shell  aggregate  found  near  St.  Augustine,  Fla.;  Dolomite — a  rock 
containing  the  mineral  dolomite  as  the  chief  carbonate;  Hydraulic  limestone— ohq  containing 
sufficient  clayey  impurities  to  be  used  for  making  cement ;  Oolitic  limestone— oug  made  up  of  small 
rounded  grains,  the  Bedford,  Ind.,  limestone  and  some  French  ones  used  for  structural  work  being 
of  this  character;  Travertine  or  calcareous  tufa — ^a  porous  limestone  deposited  by  spring  waters 
and  sometimes  sufficiently  hard  and  compact  for  building — ^that  quarried  near  Rome,  Italy,  is 
exported  to  the  United  States  for  interior  work  in  walls  and  floors. 

Uses. — ^Limestones  are  widely  used  for  all  kinds  of  structural  and  decorative  work,  the 
denser  harder  varieties  taking  a  polish,  and  sometimes  called  marble  in  the  trade  Much  is 
used  for  lime  and  cement,  road  material,  blast  furnace  flux,  and  in  the  chemical  industries. 
There  is  thus  a  market  often  for  the  waste  stone. 

Distribution, — ^Limestones  are  so  widely  distributed  that  few  quarrying  districts  do  more 
than  supply  a  local  demand.  One  exception  is  the  Bedford,  Indiana,  area  whose  product  is 
shipped  to  many  points  in  the  United  States  and  Canada.  Canada  contains  many  limestone 
deposits  of  excellent  character.  Not  a  few  decorative  limestones  are  imported,  these  including 
the  Caen,  Normandie,  and  Hauteville  stones  of  France  and  the  Roman  travertine. 

20d.  Marbles. — This  term  properly  includes  those  limestones  and  dolomites  of 
crystalline  texture,  dense  character,  and  susceptibility  of  taking  a  good  polish.  Mineral  com^ 
position — ^when  pure,  calcite  or  dolomite  or  a  mixture  of  the  two — accessory  minerals  may  be 
graphite  or  mica,  often  arranged  in  patches  or  bands  thus  giving  a  decorative  effect — serpentine 
may  be  present  in  some;  mineral  impurities — pyrite  found  in  any  kind,  tremolite  in  dolomitic 
marbles,  chert  in  some;  structure — this  may  be  massive,  banded,  or  brecciated,  the  interspaces 
of  the  latter  often  being  filled  by  coloring  cement  which  adds  greatly  to  the  stones  decorative 
value;  weathering  qualities — many  massive  marbles  show  excellent  durability  but  the  presence 
of  bands  of  mica  or  other  silicates,  or  brecciated  structure  detracts  from  the  life  of  the  stone  if 
exposed  to  a  frosty  climate;  color — shows  wide  range,  white,  gray,  black,  red,  yellow,  brown, 
pink,  etc.;  texture — from  coarse  to  fine;  absorption — always  low,  usually  under  1%;  crushing 
strength — averages  about  15,000  lb.  per  sq.  in.  or  more;  actual  specific  gravity — 2.7  to  2.9,  dolo- 
mite marbles  being  heavier  than  calcite  ones — marbles  weigh  from  165  to  180  lb.  per  cu.  ft. 

Uses, — Massive,  sound  marbles  of  varying  texture  may  be  used  for  ordinary  structural 
work  or  even  coarser  carving;  fine-grained,  even-textured  and  usually  even-colored  types  for 
statuary;  colored,  clouded,  banded,  and  brecciated  forms  much  employed  for  interior  decora- 
tion. By  matching  slabs  of  banded  marble  together,  highly  decorative  patterns  are  sometimes 
obtained.  The  massive  ones  containing  only  carbonate  minerals,  usually  take  a  more  continu- 
ous polish.  Slabs  are  frequently  used  for  floor  tiling  but  the  mistake  is  often  made  of  setting 
pieces  of  different  abrasive  resistance  side  by  side.  In  localities  where  there  is  much  passingi 
the  floor  rapidly  gets  unevei»> 
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Diatrihuiion  in  United  States, — ^The  Eastern  belt,  from  northern  Vermont  to  Alabama, 
supplies  a  great  variety  of  marbles.  Noteworthy  are  the  variegated  hard  siliceous  ones  of 
Swanton,  widely  used  for  flooring:  the  white,  gf&yi  and  green  veined,  banded,  and  clouded  ones 
of  western  Vermont;  the  pink  and  brown  of  Tennessee  for  flooring,  wainscoting,  and  structural 
work;  and  the  white  coarse  texture,  as  gray  and  white  of  Georgia,  for  structural  work,  interior 
decoration,  and  monuments.  Black  marbles  are  quarried  in  Virginia.  Some  white  and 
streaked  marbles  are  quarried  in  Colorado,  and  white  or  banded  ones  in  California.  Many 
highly  ornamental  marbles  are  quarried  in  Quebec  and  also  British  Columbia. 

Serpentine  Marble, — Massive  rock  composed  largely  of  the  mineral  serpentine,  but  con- 
taining varying  quantities  of  such  impurities,  as  iron  oxides,  pyrite,  hornblende,  pyroxene,  and 
carbonates  of  lime  and  magnesia.  The  color  is  often  green  or  greenish  yellow,  but  others  are 
various  shades  of  black,  red,  or  brown. 

It  is  one  of  the  most  decorative  stones  known  but  often  difficult  to  obtain  in  large  slabs 
on  account  of  the  frequent  and  irregular  joints  in  the  quarries.  Most  serpentines  are  also 
unsafe  for  exterior  use  in  a  severe  climate  as  they  lose  their  polish  and  break  along  the  veins  that 
often  traverse  them.  Comparatively  little  serpentine  is  quarried  in  the  United  States.  That 
from  Roxbury,  Vt.  is  one  of  the  best  known.  Another  known  as  verdolite  is  obtained  near 
Easton,  Pa.,  and  others  from  Maryland  and  Georgia.     Much  is  imported  especially  from  Greece. 

Onyx  Marble. — A  calcareous  rock  of  crystalline  texture,  high  translucency,  and  usually 
ornamented  by  veins  aud  cloudings  of  iron  oxide.  It  is  much  used  for  special  decorative  work 
and  is  a  stone  of  great  beauty.  It  should  not  be  exposed  to  the  weather  or  abrasion.  Mexico 
has  contributed  much  onyx  to  the  trade  as  has  also  Egypt. 

20e.  Slate. — Slates  are  divided  into  clay  slates  and  mica  slates,  the  latter  being 
the  more  abundant.  These  may  in  turn  be  subdivided  into  fading  slates  of  black,  green,  or 
purplish  color,  and  unfading  ones  of  black,  red,  green,  or  purplish  color.  Mica  slates  possess 
greater  strength  and  elasticity. 

Structure — Slaty  cleavage  is  the  most  important  property — ^bate,  or  false  cleavage  is  a 
minute  plication  resulting  in  microscopic  slips  or  faults  along  which  the  slate  breaks  easily; 
mineral  impurities — pyrite  in  lumps  and  grains  may  be  present,  and  causes  rejection  of  the 
slate — quartz  and  calcite  veins  also  are  undesirable — ^magnetite  should  be  absent  if  the  slate 
is  to  be  used  for  electrical  work.  Color — as  stated  above;  texture — ^fine  grained;  transverse 
strength — ^in  best  slates,  modulus  of  rupture  is  7000  to  10,0001b.  per  sq.  in. ;  elasticity — as  measured 
by  deflection  of  a  slab  set  on  supports  22  in.  apart,  about  0.27  to  0.313  in.;  specific  gravity — ^2.7; 
absorption — ^under  1  %. 

Uses, — Thinly  cleaving  slate  is  used  for  roofing.  Thick  slabs,  known  as  mill  stock, 
are  used  for  stair  treads,  toilet  partitions,  shower  baths,  urinals,  floor  tile,  switchboards,  sinks, 
tubs,  blackboards,  etc.  Roofing  slates  have  usually  ranged  from  )^  to  ^  in.  in  thickness,  depend- 
ing on  size,  but  modern  practice  has  standardized  the  thickness  at  ^e  ii^*  for  commercial  grades. 
Thicker  slates  are  produced  for  what  are  known  as  architectural  roofs. 

The  price  and  measurement  of  slate  are  figured  by  the  square  (100  sq.  ft.).  The  number 
of  slates  required  for  a  square  can  be  determined  by  the  formula: 

^  28,800 
^      bd-bl 

in  which  n  =  number  of  slates  in  square,  b  =  width  of  slate,  d  =  length  of  slate,  and  I  =  over- 
lap in  inches. 

Roofing  slate  is  trimmed  with  the  lower  edge  parallel  to  the  grain. 

Although  slate  makes  a  durable  roofing  material,  in  recent  years  it  has  had  serious  com- 
petitors in  burned  clay  tile  and  various  artificial  roofing  materials,  such  as  asbestos  shingles. 

Distribution, — Most  of  the  slate  quarried  in  the  United  States  is  obtained  from  the  East, 
Maine,  Vermont,  New  York,  Pennsylvania,  and  Maryland  being  important  producers.  Some 
is  obtained  from  Arkansas  and  California.  The  known  localities  of  good  slate  are  limited,  for 
the  stone  to  be  salable  and  durable  must  meet  rather  severe  requirement.  A  little  is  quarried 
in  Canada. 
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BRICK 

Bt  D.  Knickebbackeb  Botd 

Brick  is  adapted  to  a  variety  of  uses  in  the  construction  of  buildings,  being  used  for  ex- 
terior and  interior  walls,  for  fireproofing,  for  backing  up  other  materials,  and  for  decorative 
effects.  The  possibilities  for  artistic  treatment  of  wall  surfaces  are  not  even  limited  by  the 
wide  range  of  color  and  texture  of  brick,  for  with  the  use  of  a  given  brick,  wide  variations  in 
color  effect  and  texture  may  be  obtained  by  varying  the  size,  design,  and  color  of  the  mortar 
joint.  For  example,  a  raked  out  gray  mortar  joint  will  not  only  give  a  rougher  texture  to  a  wall 
but  will  also  give  a  darker  color  effect  than  if  the  same  mortar  be  cut  flush  with  the  face  of  the 
same  brick. 

The  word  brick  as  ordinarily  used,  refers  to  a  block  of  common  clay  burned  in  a  kiln,  and 
until  comparatively  recent  years,  practically  all  brick  were  burned  clay  brick.  Brick,  however, 
is  made  in  which  the  base  is  of  other  material  than  common  clay,  and  when  such  brick  are 
referred  to,  a  descriptive  prefix  should  be  used  in  connection  with  the  word  brick,  such  as 
fire-clay  brick,  slag-brick,  silica-brick,  cement-brick,  sand-lime  brick,  etc. 

21.  Classes  of  Brick. — Commercially,  brick  may  be  divided  into  two  general  classes: 
building  brick  and  refractory  brick, 

BuHding  brick  are  the  various  kinds  of  brick  commonly  employed  in  construction  work, 
and  include  such  brick  as  "common"  brick,  "face*'  brick,  cement  brick,  sand-lime  brick,  etc. 
Paving  brick,  according  to  their  composition  and  burning,  may  fall  within  this  class  or  under 
refractory  brick. 

Befrcictory  brick  are  designed  primarily  to  meet  special  conditions  of  use,  such  as  resist- 
ance to  the  action  of  fire,  and  gases  at  high  temperature,  etc.  They  include  the  various  kinds 
of  fire  brick,  and  such  special  brick  as  silica,'  ganister,  basic,  and  chrome  brick.  These  latter 
find  their  largest  use  as  linings  for  various  industrial  furnaces.  The  American  Society  for  Testing 
Materials  and  the  Refractory  Brick  Manufacturers  Association  have  published  detailed  des- 
criptions of  results  of  tests,  and  recommended  uses  for  the  various  kinds  of  refractory  brick, 
and  the  latter  Association  has  issued  several  illustrated  sheets  and  charts  for  standards  for  this 
type  of  brick  including  those  of  radial  shape. 

Clay  building  brick  may  be  broadly  classified  as  common  brick  and  face  brick. 

Common  brick  is  the  brick  most  extensively  used  for  the  construction  of  walls,  piers,  etc.; 
for  backing  up  stone  and  terra  cotta;  and  for  fireproofing  steel  and  iron.  In  the  East  it  is 
usually  red — the  depth  of  color,  however,  depending  on  the  composition  of  the  clay,  the  me- 
thod of  manufacture,  and  the  degree  of  burning.  In  the  Middle  West  common  brick  is  usually 
yellow;  and  in  other  sections  of  the  coimtry,  the  color  varies  with  the  clays  which  are 
indigenous. 

Face  brick  are  the  brick  used  on  the  exposed  surfaces  of  walls,  piers,  etc.  Common  brick 
may  also  be  used  as  a  face  biick,  in  which  case  the  best  of  the  bricks  are  usually  selected  either 
at  the  kiln  or  from  those  intended  for  the  solid  wall  as  laid.  As  the  term  "face"  brick  is  gen- 
erally understood,  however,  through  conmiercial  usage,  it  means  a  brick  especially  made  or 
selected  for  its  color,  surface  texture,  regularity  or  irregularity  of  its  surface  as  may  be  required 
to  produce  the  desired  decorative  effect  on  surfaces  exposed  to  view. 

22.  Color  of  Brick. — Brick  may  be  obtained  in  practically  any  color,  the  color  depending 
principally  on  the  presence  of  various  chemicals,  coloring  mater,  etc.,  in  the  clay.  The  usual 
colors  are  red,  buff,  gray,  iron  spot,  and  manganese  spot.  Perfectly  white  brick  can  be  ob- 
tained only  by  the  use  of  surface  glazes  or  enamels,  but  light  gray  or  cream  brick  can  be  produced 
from  various  mixtures  of  clay  and  chalk  or  from  certain  marls. 

Among  the  principal  materials  affecting  the  color  of  the  brick  are:  iron,  lime,  and  magnesia.  Oxide  of  iron 
produces  a  bright  red;  magnesia,  a  brown;  and  magnesia  and  iron,  a  drab.  Mineral  coloring  matter,  especially  in 
connection  with  dry  pressed  brick,  is  sometimes  added  to  the  clay.  In  addition  to  the  colors  themselves,  the  follow* 
ing  expressions  are  in  general  use:  el^ar  color— %  brick  with  a  clear  color  and  without  flash;  fire  floahed — ^a  brick  which 
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has  been  Bubjeoted  to  a  reducing  action  of  the  fire,  thereby  bringing  out  the  iron  in  the  day  and  producing  darker 
ooloTB  on  the  faces  and  heads  of  the  brick  than  ia  produced  in  the  interior  of  the  brick. 

88.  Raw  Materials. — The  basic  materials  of  which  ordinary  building  brick  are  made  are 
clay,  sUicate  of  alumina  or  shale,  and  in  smaller  and  varying  quantities,  silica  (sand  or  quartz), 
oxide  of  iron,  lime,  and  possibly  some  magnesia,  potash,  and  soda. 

For  face  brick  the  clay  is  usually  very  carefully  selected  and  often  several  clays  of  different 
compositions  are  mixed  to  obtain  the  desired  result. 

Clay. — Pure  clay  or  kaolin  is  white  and  the  best  qualities  are  used  principally  in  the  manufacture  of  china  and 
porcelain.  The  clay  used  for  brickmaking  is  tisually  the  surface  or  a  lower  grade  of  material.  It  generally  contains 
sand  (silica)  and  small  quantities  of  iron  oxide,  lime,  and  magnesia. 

Clay  for  making  vitrified  brick  should  be  fusible,  plastic,  and  able  to  be  heated  to  high  temperature  without 
losing  its  shape. 

Shale. — Brick  are  also  made  of  shale.  This  is  the  natural,  soft  rock  from  which  clay  is  produced  by  decompo- 
sition.    It  makes  a  much  harder  brick  than  ordinary  clay. 

Sand  (nlica). — Sand,  if  not  normally  present  in  sufficient  quantities,  is  added  to  the  day  to  prevent  cracking, 
nflirjnllnng,  and  warping  and  also  to  allow  a  partial  vitrification  of  the  material.  The  larger  the  proportion  of  sand, 
the  more  uniform  in  texture  and  shape  will  be  the  brick,  but  if  used  in  too  large  a  quantity  it  will  cause  the  brick 
to  be  weak  and  brittle. 

Oxide  of  Iron. — Oxide  of  iron  acts  as  a  flux,  increases  the  hardness,  and  gives  the  brick  a  red  color. 

Lime. — ^Lime  acts  as  a  flux,  and  lessens  the  shrinkage  of  the  brick  in  drying.  The  lime  should  be  present  in  a 
finely  divided  state,  as  lumps  of  liipe  constitute  a  serious  defect.  An  excess  of  lime  will  hasten  disintegration  on 
exposure  to  the  weather  and  may  also  cause  the  brick  to  melt  and  lose  their  shape  in  burning. 

Moffnena,  PoUuh,  and  Soda. — These  act  as  a  flux  in  burning,  thereby  causing  the  grains  of  silica  to  melt  and 
bind   the   various   particles   together. 

Limonite  and  Pyrite. — These  are  among  the  more  common  injuriotis  materials  sometimes  found  to  be  present  in 
the  day.  Limonite  which  is  oxidised  pyrite,  will  cause  fused  blotches  or  weak  spots;  and  pyrite  bums  away, 
leaving  flaws. 

24.  Manufacture  of  Brick. — Bricks  are  made  by  first  properly  preparing  the  clay  and  then 
molding  it  to  the  required  shape.  After  drying  until  sufficiently  hard  to  be  stacked  in  the  kiln, 
the  bricks  are  submitted  to  a  temperature  usually  about  2000  deg.  F.  which  converts  them  into 
a  vitrified  or  semi-virtrified  mass. 

The  characteristics  of  brick  are  largely  dependent  upon  the  clay  used,  the  method  of  manu- 
facture employed,  and  the  degree  of  burning. 

According  to  the  methods  employed  in  making,  brick  are  known  as  soft-mud  brick,  stiff- 
mud  brick,  dry-pressed  brick,  repressed  brick,  machine  brick,  and  hand-made  brick. 

According  to  the  degree  of  burning  and  location  in  the  kiln,  common  brick  are  generally 
known  as  arch  or  clinker  brick,  body,  cherry,  or  hard  brick,  and  salmon,  pale  or  soft  brick. 

SoftrMvd  Brick. — Soft-mud  brick  are  molded  either  by  hand  or  machine  from  day  which  has  been  reduced  by 
the  addition  of  water  to  a  soft  and  plastic  mass.     Hand-made  brick  are  practically  all  made  by  this  process. 

SHff'Mud  Brick. — In  the  manufacture  of  stiff-mud  brick  only  enough  water  is  added  to  make  the  day  plastic. 
TUs  stiff  mud  is  then  forced  through  a  die  by  machinery  and  is  automatically  cut  to  the  required  sise.  They  are 
known  as  end-ctU  or  side-cut,  according  as  the  cut  is  on  the  ends  or  on  the  sides  of  the  brick.  These  brick  are  usu- 
ally' distinguished  from  soft  or  pressed  in  that  the  cut  surfaces  have  a  rough  texture  and  the  other  surfaces  are 
siiuKytli.     They  are  always  machine  made  and  are  sometimes  known  as  inre-cut  brick. 

Qood  brick  can  be  made  either  by  the  wet  or  stiff-mud  process  and  their  relative  qualities  vary  in  different 
aeetions  of  the  country. 

DnfPr«—^<i  Brick. — These  are  sometimes  referred  to  as  vreeeed  brick.  They  are  machine  molded  from  damp- 
ened day,  are  practically  always  used  for  face  work  and  indude  the  various  hydraulic  pressed  brick. 

Repreeeed  Brick. — Usually  a  stiff-mud  brick  repressed  in  a  press  box  before  burning.  Tne  brick  is  thereby 
made  much  more  regular  in  shape,  but  with  consequent  increase  in  the  cost.  •  Soft-mud  brick,  after  being  partially 
dried,  are  occasionally  repressed,  a  process  that  greatly  improves  the  form  and  increases  the  strength  of  the  brick, 
bat  more  frequently  the  term  repreeeed  refers  to  a  repressed  stiff-mud  brick.  Repressed  brick  are  sometimes  in- 
oorreetly  called  preseed  brick. 

Machine-Made  Brick. — Any  brick  not  hand  made.  As  all  brick  may  be  machine  made  and  as  all  but  soft 
mnd-briek  are  machine  made,  the  term  is  indefinite. 

Hand-Made  Brick. — The  soft-mud  brick  are  the  only  hand-made  brick. 

Areh  or  Clinker  Brick. — These  are  the  brick  which  adjoin  the  firing  spaces  and  being  subjected  to  extreme 
heat  aie  harder,  more  irregular  in  shape  and  color  than  any  of  the  others.  In  some  cases  they  are  partly  vitrified 
sad  almost  black  in  color  on  one  or  more  faces. 

Body,  Cherry,  or  Hard  Brick. — These  are  the  most  regular  in  shape  and  color  of  the  brick  taken  from  the  Id]* 
They  are  neither  over  nor  under  burned  and  constitute  the  major  portion  of  the  brick  from  each  kiln. 
6S 
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Salnumt  PaU,  or  Sofl  Brick. — These  are  underbumed,  beinc  thoee  remote  from  the  fire.  They  have  not 
sufficient  hardness  or  strength  to  warrant  their  use  alone  in  exposed  places,  piers,  or  load-bearing  walls  involving 
any  considerable  weight.     They  may  be  used  in  connection  with  hard  brick  for  filling  and  backing  up. 

The  terms  salmon  and  pale  refer  to  the  color  of  the  brick  and  hence  are  not  applicable  to  a  brick  made  of  day 
that  does  not  bum  red.  In  moat  instances,  the  clay  used  for  making  common  building  brick  bums  red,  but  the  local- 
ities in  which  this  is  not  the  case  are  sufficiently  numerotis  to  make  it  desirable  to  use  a  different  term  in  designating 
this  quality  of  brick. 

Smooth  Brick. — A  brick  of  any  of  the  above  types  having  a  relatively  smooth  surface  on  its  face  and  ends. 

Water  Struck  Brick  (slop  brick). — A  brick  of  the  soft^mud  type,  the  mold  having  been  dipped  into  water  just 
before  being  filled  with  clay.  They  are  usually  made  by  hand  and,  in  any  case,  are  more  or  less  irregular  in  shape 
and  color,  and  the  surface  is  comparatively  smooth. 

Sand-Struck  Brick  (sanded  brick). — A  brick,  usuaHy  of  the  soft-mud  type,  coated  while  molding  on  its  face  and 
ends  with  sand.  The  sand  is  placed  in  the  molds  both  to  prevent  the  brick  from  sticking  and  to  give  the  desired 
surface  effect. 

Rough  texture  Brick. — A  brick  having  an  artificially  roughed  surface.  Some  are  irregular  in  conformaticm  and 
others  have  ridRee  and  valleys  extending  in  a  vertical  or  horisontal  direction  on  exposed  faces.  The  brick  is  usually 
but  not  necessarily,  of  the  stifi-mud,  wire-cut  type  and  many  of  them  are  given  trade  names  descriptive  of  the 
texture. 

26.  Classification  of  Brick  According  to  Physical  Properties. — The  Am.  See.  for  Test. 
Mat.  in  1919  adopted  the  report  of  Coram.  C-3,  classifying  brick  as  follows: 

According  to  the  results  of  the  physical  tests,  the  brick  shall  be  classified  as  vitrified,  hard,  medium,  and  soft 
on  the  basis  of  the  following  requirements: 


Name  of 
grade 

Absorption  limits 
(per  cent.) 

Compressive  strength  on 
edge  (lb.  per  sq.  in.) 

Modulus  of  rupture 
Gb.  per  sq.  in.) 

Mean  of 
5tests 

Individual 
maximum 

Mean  of 
5  testa 

Individual 
minimum 

Mean  of 
5  testa 

Individual 
minimum 

* 

Vitrified  brick 

5  or  less 

6.0 

5000   or   over 

4000 

1200  or  over 

800 

Hard  brick 

5  to  12 

15.0 

3500  or  over 

2500 

600  or  over 

400 

Medium  brick 

12  to  20 

24.0            2000  or  over 

1500             450  or  over 

300 

Soft  brick 

20  or  over         No  limit 

1000  or  over 

800             300  or  over 

200 

The  standing  of  any  set  of  bricks  shall  be  determined  by  that  one  of  the  three  requirements  in  which  it  is  the 
lowest. 

26.  Quality  and  Crushing  Strength  of  Brick. — Theoretically^  a  brick  of  the  very  best 
quality  should  be  regular  and  true  in  shape  and  free  from  kiln  marks  or  depression  caused  by 
pressure  of  the  brick  above  it  in  the  kiln.  It  should  be  well  burned  throughout,  free  from  lumps 
of  lime,  large  pebbles,  air  bubbles  or  fissures,  of  firm  compact  texture  and  fairly  even  in  color. 
It  should  give  a  clear  ringing  sound  when  struck  a  sharp  blow  with  a  hammer  or  against  another 
brick. 

For  many  purposes  it  is  not  necessary  to  insist  upon  a  brick  possessing  all  of  these  qualities, 
a  fairly  regular  well-burned  brick  being  usually  sufficient.  The  various  standards  of  quality, 
moreover,  depend  upon  the  kind  of  brick  and  the  method  of  manufacture  employed.  A  soft- 
mud  brick  that  would  be  classed  as  regular  and  true  in  shape  would  by  no  means  have  these 
qualities  to  the  same  degree  as  a  dry-pressed  or  repressed  brick. 

The  crushing  strength  of  brick  is  valuable  mainly  in  comparing  different  brands  or  makes, 
and  does  not  represent  the  strength  of  the  brick  masonry,  as  this  strength  is  dependent  on  the 
strength  of  the  mortar  and  care  in  laying,  as  much  as  on  the  strength  of  the  brick.  Conse- 
quently, the  crushing  strength  of  the  brick  is  relatively  not  of  great  importance  unless  the  mortar 
used  is  practically  as  strong  as  the  brick,  as  would  be  the  case  with  the  use  of  cement  or  strong 
cement-lime  mortar  (for  tests  on  brick  and  brick  piers,  see  Appendix,  G).  Maximum  safe 
loads  for  brick  masonry  are  given  in  Appendix  I. 
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27.  Size  of  Brick. — There  is  no  legal  size  for  brick  in  this  country,  with  the  result  that  there 
has  been  a  wide  variation,  not  only  in  the  size  of  the  brick  made  in  different  sections  of  the 
country,  but  often  by  different  manufacturers  in  the  same  locality.  During  comparatively 
recent  years,  however^  different  associations,  societies,  etc.,  interested  in  the  use  of  brick  and 
in  the  standardizing  of  building  materials  have  adopted  standard  sizes  for  the  various  kinds  of 
brick. 

It  must  be  understood  that  these  standard  sizes  are  based  on  the  size  of  an  average  burned 
brick  and  are  intended  to  represent  close  approximate  or  average  sizes  rather  than  absolute 
fixed  dimensions  to  which  no  variation  is  allowed.  Any  layout  which  allows  for  ample  jointing 
will  take  care  of  small  variations  in  size.  In  burning,  the  brick  shrinks  from  the  size  in  which 
it  was  molded;  and  since  the  exact  amount  of  the  shrinkage  depends  on  the  composition  and 
kind  of  raw  materials  and  on  the  degree  of  burning,  it  is  commercially  impractical  to  make 
every  brick,  even  with  same  method  of  manufacture,  of  exactly  the  same  size.  The  harder 
burned  brick  will  average  smaller  than  the  softer  or  underburned  brick,  and  clay  from  different 
portions  of  the  same  clay  bank  will  sometimes  vary  in  the  amount  of  shrinkage. 

Size  of  building  and  face  brick. — The  Am.  Face  Brick  Asso.  in  1918,  the  Common  Brick  Mfgs.  in  1920,  and 
the  Am.  Soc.  for  Teat.  Mat.  in  1020,  adopted  a  size  of  2>4  X  3^i  X  8  in.  as  the  standard  sice  for  both  building 
and  face  brick. 

Si*e  of  Roman  brick. — The  Nat.  Brick  Mfga.  Asso.  in  1889  adopted  a  size  of  IH  X  4  X  12  in.  for  Roman  brick. 

Size  of  Norman  brick. — The  Nat.  Brick  Mfgs.  Asso.  adopted  a  size  of  2^  X  4  X  12  in.  for  Norman  brick. 

Site  of  paving  brick. — The  Am.  Soc.  for  Municipal  Improvements  in  1918  adopted  a  size  of  3}-i  X  4  X  8M  in- 
for  all  paving  brick.     A  variation  of  over  V^  in.  in  width  and  depth,  and  >2  in.  length  is  not  allowed. 

Size  of  enameled  brick. — The  usual  sizes  of  enameled  brick  as  listed  by  some  of  the  largest  manufacturers  are  as 
follows: 

Standard  size 2>i  X  4  X  8>i  in. 

Roman  size IH  X  3H  X  IIH  in. 

EngUsh  size 2^  X  4H  X  SH 

Norman  size 2>i  X  4  X  UH  in. 

SpUt  size IH  X  4  X  8  in. 

28.  Sand  Lime  Brick. — Sand  lime  brick  are  made  from  an  intimate  mixture  of  sand  and 
lime,  and  are  of  two  classes— lime  mortar  brick  in  which  the  cementing  material  is  carbonate 
of  lime,  and  sand-lime  brick  in  which  silicate  of  lime  forms  one  of  the  cementing  materials. 

lAme-moriar  brick  is  the  older  form  of  sand-lime  brick  and  was  only  used  in  a  small  way 
even  where  sand  and  lime  were  cheap  and  clay  brick  were  scarce.  It  is  virtually  a  lime  mortar, 
molded  into  the  shape  of  a  brick,  hardened  in  the  open  air  in  connection  with  carbon  dioxide 
either  with  or  without  pressure.  The  brick  are  sometimes  weak  and  friable  and  have  not  given 
entire  satisfaction. 

Sand-lime  brick  are  made  from  an  intimate  mixture  of  sand  or  granular  silicate  and  hy- 
drated  calcium  lime.  These  two  materials  are  mixed  in  the  porportion  of  about  6  to  10  parts  of 
sand  to  1  of  hydrated  lime,  molded  in  a  press  and  hardened  in  a  large  cylinder  filled  with  steam 
at  100  to  150-lb.  pressure. 

The  bonding  is  the  result  of  the  formation  of  calcium  silicate,  calcium  magnesium  silicate, 
or  calcium  hydro-silicate  due  to  the  action  of  the  steam  upon  the  sand. 

This  form  of  sand-lime  brick  is  the  only  one  to  which  the  term  now  applies. 

The  natural  color  of  sand-lime  brick  is  white  or  light  gray  varying  to  some  extent  according  to  the  color  of  the 
sand  uaed.  Other  colors  may  be  obtained  by  the  use  of  inert  mineral  oxides,  but  these  affect  the  quality  of  the 
brick,  in  proportion  to  the  ciuantity  of  the  coloring  material  required. 

The  quality  of  sand-linio  brick  depends  largely  on  the  proper  selection  of  the  sand  and  lime,  and  upon  care  in 
manufacture.  The  sand  should  bo  pure  sili'  a  sand  containing  a  large  proportion  of  fine  grains.  Clay  or  kaolin 
tends  to  weaken  the  brick  and  not  more  than  10 '^I  should  be  permitted. 

Sand-lime  brick  have  sharp  ed^es,  are  straight  and  should  be  of  uniform  size,  composition,  and  density.  In 
physical  appearance  and  quality  they  can  be  made  to  resemble  dry-pressed  brick  but  the  quality  maintained  by 
the  various  manufacturers  has  not  always  been  uniform  and  the  brick  have  frequently  not  averaged  as  strong  as 
the  ordinary  clay  buiklinff  brick.  Thev  have  also  been  deficient  in  resistance  to  frost  and  weather.  It  is  therefore 
necessary  to  exorcise  snerial  care  in  the  selection  of  the  manufacturer.  The  bricks  also  should  be  very  carefully 
handled  to  avoid  crumbling  of  the  edges. 
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Technology  Paper  No.  85  of  the  Bureau  of  Standards  pubUahed  in  1919,  on  the  "  Manufacture  and  Propertiefl 
of  Sand-lame  Brick"  gives  a  complete  description  of  this  product. 

29.  Cement  Brick. — Cement  bricks  axe  used  only  in  a  few  sections  of  the  country  and 
to  a  comparatively  small  extent.  They  are  made  either  by  hand  or  by  machine,  and  are 
similar  in  composition  and  qualities  to  cement  building  blocks.  Portland  cement  and  sand, 
or  sand  and  gravel  or  crushed  stone,  mixed  in  the  proportion  of  1  part  cement  to  4  parts  sand 
or  1  part  cement  to  3  parts  sand  and  3  parts  gravel  or  crushed  stone  passing  a  3^-in.  and  re- 
jected by  a  yi'in,  mesh  screen  are  the  usual  proportions  of  the  materials  employed. 

Coloring  matter  is  sometimes  mixed  with  the  cement  and  sand.  Various  textures  and  colors  can  be  obtained 
by  the  use  of  different  aggregates  and  by  brushing  the  surface  with  water  or  add  before  the  cement  hits  set. 

80.  Slag  Brick. — Slag  brick  are  made  from  a  mixture  of  basic  slag  and  slaked  lime.  The 
silica  in  the  slag  usually  ranges  from  22  to  35  %,  the  alumina  and  iron  oxide  together  from  16  to 
21  %  and  the  lime  from  40  to  51  %.  In  the  manufacture,  the  granulated  slag  is  dried  and  pul- 
verized and  the  powdered  slaked  or  hydrated  lime  is  added,  usually  with  a  small  amount  of 
water.  This  mixture  is  then  molded  into  shape  either  by  hand  or  by  machine  and  dried  for 
from  6  to  10  days  in  the  open  air. 

31.  Fire  Clay  Brick. — In  the  manufacture  of  fire  clay  brick,  certain  clays,  one  of  which  is  a 
plastic  clay  serving  as  a  skeleton  for  the  brick,  are  heated  until  partial  vitrification  occurs. 
The  principal  kinds  of  brick  in  the  manufacture  of  which  fire  clay  plays  an  important  part  are 
fire  hrickf  paving  brick,  acid-proof  brick,  and  glazed  brick. 

82.  Fire  Brick. — Fire  Bricks  are  used  for  the  linings  of  fire  places,  back  hearths,  boiler 
stacks,  linings  of  fire  boxes  in  heating  and  power  boilers,  and  wherever  resistance  to  the  effects 
of  high  temperature  is  a  prime  consideration..  They  are  generally  made  of  a  mixture  of  flint 
and  plastic  clay,  are  white  or  white  and  brown  in  color,  and  are  graded  as  first  and  second  quality. 
The  first  grade  has  the  higher  fuse  point,  is  softer,  and  of  less  compressive  strength  than  the  second 
grade. 

The  expansion  and  contraction  of  fire  brick  is  dependent  upon  the  relative  proportions 
of  silica  to  alumina,  and  most  of  these  brick  contain  sufficient  alumina  to  show  some  contraction. 

83.  Paving  Brick  or  Blocks. — A  very  hard  ordinary  clay  brick  is  sometimes  referred  to 
and  used  as  a  paving  brick,  but  the  brick  or  blocks  here  described  are  made  from  a  mixture  of 
the  more  siliceous  shales  (a  fine-grained  indurated  clay)  and  fire  clay.  These  are  crushed 
and  screened,  molded  or  cut  to  the  required  size  and  shape,  are  dried,  and  then  burned  for 
from  7  to  10  days  at  a  temperature  from  1500  deg.  F.  to  a  point  of  vitrification,  and  annealed 
or  toughened  by  slow  cooling.  In  this  way,  a  tougher,  denser,  and  stronger  brick  is  made  than 
is  possible  with  ordinary  clay  or  kaolin. 

A  vitrified  block,  larger  than  the  ordinary  brick,  is  made  especially  for  street  paving  and 
is  commonly  referred  to  as  a  brick  paving  block. 

Paving  brick  or  blocks  are  made  with  plane  faces  and  also  with  projections  so  designed  that  there  will  always 
be  a  space  between  the  faces  of  the  brick  when  laid.  Some  machines  cut  the  brick  with  lugs  on  one  side  and  grooves 
on  the  other,  and  others  repress  the  brick,  forming  lugs,  grooves,  rounded  edges,  etc.,  by  the  die  in  repressing. 

A  No.  1  paving  brick  or  block  should  be  thoroughly  annealed,  tough  and  durable,  regular  in  sice  and  shape,  and 
evenly  burned.  They  should  not  be  smoked  or  fire  flashed,  and  when  broken  should  show  a  dense,  stone-like  body 
free  from  lime,  air-pockets,  cracks,  or  marked  laminations. 

Vitrified  paving  brick  while  primarily  designed  for  street  paving  are  also  used  to  some  extent  in  connection 
with  building,  being  adapted  for  use  for  floors,  for  wainscotings  in  industrial  buildings,  and  even  for  special  decora- 
tive effects. 

34.  Enameled  Brick. — The  body  of  an  enameled  brick  usually' of  fire  clay  is  coated  on  one 
or  two  sides  with  an  opaque  enamel. 

There  are  two  methods  of  applying  enamel.  According  to  one,  the  enamel  is  applied 
directly  to  the  face  of  the  brick;  and  with  the  other,  the  more  common  method  in  this  country,  a 
transparent  glaze  is  applied  over  a  white  or  colored  "slip, "  the  slip  coming  between  the  glaze 
and  the  face  of  the  brick. 

Enameled  brick  may  be  obtained  in  white  and  a  large  number  of  colors,  and  in  two  surface  finishes — highly 
ghud  and  druM  or  •atin  guue.     They  are  used  for  face  work  both  for  interior  and  exterior  walb,  esoedally  where 


Sec  7-36]  BUILDING  MATERIALS  917 

refleotion  of  light,  sueh  m  in  light  courta  and  shafts,  and  where  cleanlinees  are  prime  ooiuiderationa.  They  are 
alao  used  to  a  considerable  extent  for  facing  tunneb,  engine  and  boiler  rooms,  store  fronts,  etc.,  but  should  never 
be  placed  where  dampness  is  liable  to  attack  them  from  the  back. 

The  term  gUuted  and  enameled  are  sometimes  both  used  to  refer  to  the  opaque  enameled  brick.  The  true  glased 
brick,  however,  is  also  referred  to  as  eaU  glazed, 

86.  Glazed  Brick. — Glazed  brick  axe  made  of  a  fire  clay  containing  feldspar,  flint  and  whit- 
ing, and  may  be  obtained  in  various  shades.  They  are  fired  at  a  high  temperature  until  the 
surface  is  coated  with  a  transparent  glass  or  glaze.  In  the  manufacture  of  salt  glazed  brick, 
salt  is  introduced  into  the  kiln  during  the  process  of  burning. 

Salt  glazed  brick  are  used  to  a  considerable  extent  for  facing  areas,  garages,  market  houses,  dairies,  domestio 
science  rooms,  wainscotings,  for  face  brick  work,  etc.,  and  being  non-absorbent,  smooth,  and  easily  cleaned,  are 
especially  adapted  wherever  cleanliness  and  sanitary  conditions  are  of  prime  importance. 

86.  Patented  Interlocking  Brick. — There  have  been  placed  on  the  market  in  recent  years, 
several  types  of  interlocking  brick,  providing  in  walls,  a  series  of  isolated  air  spaces  which  serve 
as  temperature  and  moisture  insulators.  Their  makers  claim  for  them  a  heat  transmission 
ability  of  from  40  to  60%  less  than  frame,  or  25  to  50%  less  than  solid  brick  or  hollow-tile 
construction. 

No  ties  or  headers  are  necessary  or  used  with  this  brick;  except  at  openings  and  comers,  etc.  Plastering 
is  usually  recommended  to  be  applied  directly  to  the  inside  surface,  without  furring,  in  which  case  it  is 
necessary  to  exercise  special  care  at  openings  and  use  calking  and  waterproofing.  Tnese  brick  are  either  8  or  12 
in.  wide  and  about  8  X  2^  in.  on  tne  face  and,  as  laid,  each  brick  represents  the  full  thickness  of  the  wall.  Webs 
made  integral  with  the  brick  hold  the  inner  and  outer  walb  together.  Offsets  on  upper  and  lower  surfaces  hold 
the  bricks  in  alignment,  lasdng  in  mortar  being  done  in  various  manners  claimed  to  result  in  a  lesp  consumption 
than  witn  solid  walls.  The  standard  brick  should  be  laid  in  running  bond.  English,  Flemish,  or  Dutch  bond  may 
be  had  by  using  special  cut  brick,  but  the  cost  of  these  is  higher. 


STRUCTURAL  TERRA  COTTA  OR  HOLLOW  BUILDING  TILE 

Bt  D.  Knickerbacker  Botd 

Structural  terra  cotta  is  variously  known  as  hollow  tile,  hollow  terra  cotta,  hollow  building 
tUe,  terra  cotta  tile  or  blocks,  etc.  On  account  of  its  adaptability  to  a  larger  variety  of  uses,  its 
lightness  combined  with  great  transverse  strength,  its  fireproof  qualities,  its  resistance  to  at- 
mospheric conditions,  and  its  general  availability,  it  has  become  a  widely  used  building  materiaL 
It  is  both  well  adapted  and  largely  used  for  the  construction  of  floor  arches,  roof  slabs,  suspended 
ceilings,  interior  partitions,  light  exterior  walls,  furring,  and  fireproofing  of  steel  and  iron. 

87.  Manufacture. — The  basic  raw  material  of  structural  terra  cotta  is  clay  or  a  mixture 
of  several  clays,  to  which  for  the  more  porous  varieties  is  added  sawdust  or  fine  coal.  The  clay 
after  being  mixed  with  water  is  molded  or  shaped;  usually  by  forcing  the  plastic  mass  through  a 
die,  then  dried  and  burned  at  at  high  temperature  in  a  specially  constructed  kiln. 

As  generally  made,  structural  terra  cotta  is  in  the  form  of  hollow  blocks  with  interior  webs 
or  partitions  dividing  the  block  into  cells.  These  webs  have  the  double  purpose  of  increasing 
the  strength  of  the  product  and  of  keeping  the  blocks  in  shape  during  the  drying  and  burning. 
The  exterior  surface  of  the  blocks,  except  where  intended  to  be  exposed  to  view  are  channeled 
or  grooved  and  in  some  cases  scored  to  afford  a  key  for  plaster  or  stucco. 

88.  Kinds  of  Hollow  Tile. — According  to  the  method  of  manufacture  and  composition  of 
the  raw  materials  used,  terra  cotta  is  known  as  dense,  aemi^porous,  and  porous. 

For  exterior  walls  and  bearing  partitions,  the  dense  blocks  are  generally  used.  For  interior  partitions,  furring, 
etc.,  the  porous  and  semi-porous  blocks  are  preferred,  as  the  use  of  dense  blocks  either  necessitates  plugging  the 
walls  to  provide  nailings  for  trim,  or  makes  it  necessary  to  use  porous  blocks  at  the  points  where  nailing  is  to  be 
required.  For  fireproofing  dt  columns,  girders,  etc.,  the  porous  or  semi-porous  blocks  give  better  fire  protection 
than  the  dense  terra  cotta;  and  for  floor  arches,  dense  blocks  give  greater  strength  but  as  semi-porous  blocks  are 
more  resistive  to  fire,  they  are  generally  preferred  for  this  use. 
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88a.  Dense  Terra  Cotta. — Dense  terra  cotta  is  made  from  a  variety  of  clays 
or  from  fire  clay  mixed  with  other  clays  and  bi^rned  at  a  temperature  of  2000  to  2500  deg.  F. 
Its  high  crushing  strength  especially  adapts  it  for  use  as  bearing  walls;  and  its  durability,  den- 
sity, and  non-absorptive  qualities  for  use  as  exterior  walls.  For  this  latter  use,  it  may  be 
obtained  with  exposed  surfaces  finished  in  one  way  or  another  in  place  of  the  usual  channeled 
surface  in  connection  with  which  stucco  must  invariably  be  used  if  a  finished  effect  is  desired. 

The  dense  tile  are  more  brittle  than  the  porous  or  semi-porous  varieties  and  do  not  afford  as  efficient  fire  pro- 
tection. If  heated  and  suddenly  cooled,  they  are  liable  to  crack  and  to  destroy  the  outer  celb;  and  if  used  for  fire- 
proofing,  special  care  should  be  taken  to  see  that  they  are  well  burned,  sound,  and  free  from  cracks. 

886.  Semi-porous  Terra  Cotta. — In  the  manufacture  of  semi-porous  terra  cotta, 
the  clay,  usually  fire  clay,  has  about  20  %  of  ground  coal  added  to  it  during  the  process  of 
grinding.  This  coal  aids  in  the  burning  of  the  blocks  and  also  serves  to  make  the  material 
lighter  and  more  porous. 

Semi-porous  terra  cotta  is  a  better  fire  resistive  material  than  the  dense  terra  cotta  and  is  regarded  in  this 
respect  as 'the  equal  of  the  more  porous  blocks.  It  is  especially  adapted  for  use  where  considerable  strength  is  re- 
quired to  be  combined  with  high  fire  resistive  qualities,  as  in  floor  arches. 

88c.  Porous  Terra  Cotta. — Porous  terra  cotta  is  made  by  mixing  from  25  to  35  % 
of  sawdust  with  the  clay.  This  sawdust  is  destroyed  during  the  process  of  burning,  leaving  a 
light  porous  material. 

The  work  of  mixing,  drying,  and  burning  must  be  carefully  and  thoroughly  done,  and  the 
finished  product  should  be  compact  and  tough.  It  should  be  of  such  a  texture  that  it  can  be 
cut  with  a  saw  and  so  that  nails  and  screws  can  be  easily  driven  into  it. 

Porous  tiirra  cotta  is  an  efficient  non-conductor  of  heat  and,  if  properly  made,  should  effectively  rwst  the  a<^ 
tions  of  fire  and  water.  Poorly  mixed  and  pressed  or  under-burned  tile  are  soft  and  crumbly,  and  ragged  in  appear- 
ance. If  in  the  burning,  all  the  sawdust  has  not  been  consumed,  the  tile  will  disintegrate  under  the  action  of  fire 
and  water.  Porous  tile  is  not  suitable  for  exterior  use  as  it  absorbs  water  freely  and  will  disintegrate  if  directly 
exposed  to  the  action  of  the  elements. 

39.  Sizes  and  Weights  of  Hollow  Tile. — The  following  specification,  the  first  standard  to 
be  formally  introduced  by  the  hollow-tile  industry  was  adopted  for  all  purchases  made  by  the 
government  for  its  war  construction: 

Sizes  and  Weights  op  Tile  Adopted  by  the  War  Service  Committee  on  Hollow  Buildinq 

Tile  for  Recommendation  to  War  Industries  Board 


Basing  weight  (pounds) 

Cells 

Standard  weight 

Minimum  weight 

Partition  Tile 

16 
22 

4'X12'X12'' 
6'X12''X12' 

3 
3 

16 
22 

15 
21 

Back  Up  Tile 

14 

8 

6'X8'X12' 
4''X5'X12'' 

•    • 
■    • 

16 
9 

15 
8 

I 

leavy  Duty  Tile 

28 
36 

48 

28 
36 
54 

6''X12''X12* 

8''X12*X12' 

12"  X  12*  X  12' 

3 
6 
6 

1 

26 
34 
46 

The  number  of  cells  and  weights  shown,  represent  the  average  commercial  practice  and  there  shall  be  no  ob- 
jection to  a  manufacturer  furnishing  a  larger  number  of  cells  or  lieavicr  tile  to  meet  his  local  conditions.  The 
standard  weights  as  shown  represent  the  average  weight  of  the  tile  to  be  furnished,  but  tile  of  minimum  weight 
as  shown  shall  be  accepted,  it  being  understood  that  tnis  variation  is  necessary  due  to  wear  and  renewal  of  dies. 
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The  bMioc  weighU  m  shown  are  for  use  in  reaching  prices  per  thousand  pieces  on  each  sise  as  shown  in  con- 
nection with  the  tentative  billing  prices;  also  final  prices  when  fixed.  Some  variations  have  been  made  from 
actual  and  average  weight  to  allow  differences  in  cost  of  manufacturing  the  various  sises  as  determined  by  the 
custom  and  experience  of  the  trade. 

All  tile  to  be  furnished  under  these  specifications  shall  pass  the  following  test  requirements  for  absorption: 

Not  less  than  three  test  specimens  shall  be  dried  at  a  temperature  of  approximately  212  deg.  F.  until  by  weigh- 
ing and  reweighing  the  weight  remains  constant.  They  shall  then  be  continuously  immersed  in  clear  water  for  a 
period  of  48  hr.  with  only  the  upper  surface  of  the  tile  exposed  to  the  air.  Upon  being  removed  from  the  water 
they  shall  be  allowed  to  drain  for  a  period  of  not  more  than  1  min.  and  the  superficial  water  removed  by  a  towel 
or  similar  means,  and  the  test  specimen  shall  then  be  weighed.  The  absorption  thus  obtained  shall  not  exceed  an 
average  of  10  %  of  the  weight  of  the  tile  when  dried. 

The  tile  to  be  furnished  is  to  be  commercial  tile — that  is,  it  includes  tile  which  are  somewhat  cracked,  warped, 
wnd  broken,  not  affecting  the  usefulness  of  the  tile.     Inspection  is  to  be  made  at  the  factory. 

40.  Tests  of  Hollow  Building  Tile. — The  results  of  a  recent  cooperative  research  of  various 
laboratories  on  hollow  building  tile  conducted  under  the  direction  of  Comm.  C-10  of  the.  Am. 
Soc.  for  Testing  Materials  is  given  in  vol.  15,  1915  of  the  Proceedings.  The  sizes  of  tiles  were 
12  X  12  in.  with  thickness  of  4, 8,  and  12  in.  Their  ceramic  properties  and  strengths  are  defined 
in  a  general  way  by  the  localities  from  which  they  are  selected.  The  tests  were  conducted 
on  tiles  of  different  hardness  and  absorption,  the  degree  of  burning  being  classed  as  low,  medium, 
and  hard.  The  specimens  were  tested  in  three  positions  according  to  standard  requirements  of 
Comm.  C-10,  the  materials  being  selected  from  different  states  between  the  coasts. 

The  following  is  a  brief  summary  of  results  of  tests:  The  tiles  of  clays  from  Pennsylvania,  Ohio,  and  Illinois 
ahowed  higher  strengths  aa  a  rule  than  materials  from  the  other  states  represented,  the  tests  on  ends  showing  com- 
pressive strengths  varying  from  as  low  aa  4000  to  as  high  as  12,000  lb.  per  sq.  in.  net  section  with  a  mean  of  6000 
to  7000  lb.  per  sq.  in.  The  corresponding  strengths  from  other  states  ranged  from  2000  to  7000  lb.  per  sq.  in.  The 
strengths  when  tested  on  edge  or  flat  were  usually  lower,  as  a  rule  M  to  ^  the  strengths  on  end,  this  depending  on 
the  relative  thickness  of  tiles  and  arrangements  of  partitions.  The  values  obtained  from  the  compression  modulus, 
ratio  of  stress  to  strain,  varied  from  2,000,000  to  6,000.000  lb.  per  sq.  in.,  this  also  depending  on  the  preceding 
factors.  Hair  cracks  were  noted  in  some  cases  at  loads  as  low  as  5  to  10  %  of  the  strength  in  compression.  As  a 
rule  they  occur  at  loads  H  to  ^i  of  the  ultimate  strength. 

The  following  abstract  of  summary  by  Hathcock  of  the  properties  of  tile  from  Ohio  (see 
Tech.  Paper  No.  120  Bureau  of  Standards  1918)  may  be  assumed  to  apply  to  materials  from  the 
different  localities: 

(1)  The  specific  weight  depends  largely  upon  porosity.  (2)  Porosity  depends  on  clays,  percentage  of  sawdust 
used,  pressure  applied  in  molding,  and  degree  of  burning.  (3)  The  color  and  hardness  depends  on  the  time  and 
temperature  of  burning.  (4)  The  unit  deformation  is  usually  proportioned  to  unit  load  to  failure.  (5)  Elastio 
limit  usually  coincides  with  failure.  (6)  First  cracks  often  occur  at  low  loads.  (7)  Strength  usually  greatest  laid 
on  ends.     (8)  Modulus  usually  proportional  to  compressive  strength. 

41.  Tests  of  Tile  Walls. — Numerous  tests  have  been  made  to  determine  compressive 
strength  of  tiles  in  walls.     For  results  of  tests,  see  Appendix  H, 


CAST  IRON 

By  James  H.  Herron 

42.  Kinds  of  Cast  Iron. — Cast  iron  may  be  considered  of  several  classes,  depending  upon  the 
composition  and  method  of  manufacture.  Falling  within  the  general  term,  there  is  the  so-called 
gray  cast  iron,  semi  steel  and  white  cast  iron;  the  latter  is  subsequently  treated  to  produce  the 
so-called  malleable  iron.  While  the  term  cast  iron  is  not  usually  applied  to  the  white  and  malle- 
able irons,  it  rightfully  should  be  under  the  general  definition  of  this  material. 

43.  Methods  of  Manufacture. — Cast  iron  has  its  source  in  the  blast  furnace  where  the  ore 
is  reduced  to  the  metallic  iron  and  cast  into  pigs,  commonly  known  as  pig  iron.  This  metallic 
iron  carries  with  it  certain  elements  w^hich  have  a  marked  effect  upon  the  physical  properties 
of  the  material — such  elements  as  carbon  and  sulphur  which  the  iron  picks  up  from  the  coke 
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with  which  the  ore  is  smelted ;  silicon  which  is  picked  up  from  the  silica  present  in  the  ore  and 
ash  of  the  coke;  and  manganese  and  phosphoruos  which  are  present  in  the  ore.  All  of  the  above 
elements  have  some  effect  upon  the  physical  properties  of  the  material,  therefore  the  foundry- 
man  is  compelled  to  use  discrimination  in  selecting  his  materials  in  order  to  get  the  properties 
desired.  In  view  of  this  it  is  unwise  for  the  engineer  to  specify  the  chemical  properties  of  the 
cast  iron.  He  should  limit  himself  to  the  physical  properties,  permitting  the  founder  to  supply 
what  best  meets  the  ph3rsical  need. 

Cast  iron  may  be  poured  direct  from  the  blaat  furnace  or  remelted  from  pig  by  any  one  of  the  foUowinc 
methods:  cupola  furnace;  air  furnace;  electric  furnace;  open  hearth  furnace.  Only  foundries  m^lring  a  large 
tonnage  of  castings,  and  located  adjacent  to  a  blast  furnace,  can  aatisfactorily  uae  the  direct  method;  oonsequoitly, 
as  a  nile  one  of  the  others  methods  will  be  in  use.  The  cupola  furnace,  using  iron  scrap  and  pig,  is  common 
in  making  gray  iron  castings  and  also  to  some  extent  in  making  small  white  and  malleable  iron  casting!.  The 
air  furnace  is  used  to  a  limited  extent  only  in  making  iron  castings  but  is  generally  used  in  making  white  and 
malleable  iron  castings.  The  electric  furnace  is  used  in  making  both  gray  and  white  (and  malleable)  iron  cast- 
ings, while  the  open  hearth  furnace  is  used  only  in  making  white  and  malleable  castings  where  the  tonnage  is 
large. 

Very  little  iron  for  construction  purposes  will  be  melted  by  any  other  method  than  in  the  cupola  furnace, 
and  while  the  air  and  electric  furnaces  produce  better  products,  the  cost  is  higher  and  they  are  therefore  not  in 
common  use. 

44.  Gray  Iron. — Gray  iron  castings  made  from  gray  iron,  are  usually  known  to  the  trade 
as  "cast  iron.''  Gray  iron  is  defined  by  the  International  Association  for  Testing  Materials 
as  '^  Iron  containing  so  much  carbon  that  it  is  not  usefully  malleable  at  any  temperature,  and  is 
restricted  to  cast  iron  in  the  form  of  castings.''  Gray  cast  iron,  or  properly  speaking,  gray  iron 
castings  are  produced  as  above  stated,  using  metal  directly  from  the  blast,  furnace  or  pig  iron, 
the  produce  of  the  blast  furnace,  and  scrap  melted  in  the  cupola,  air  or  electric  furnace. 

Gray  cast  iron  always  contains  an  important  percentage  of  carbon,  ranging  from  3  to  4  %, 
and  an  important  percentage  of  silicon.  The  carbon  persent  in  gray  iron  is  in  two  forms,  called 
graphitic  carbon  and  combined  carbon,  and  the  material  is  hard  or  soft  depending  upon  the 
proportion  of  these  two  forms  of  carbon.  In  other  words,  the  castings  are  hard  when  the  com- 
bined carbon  is  high,  and  soft  when  the  graphitic  carbon  is  high.  The  combined  carbon  is  in 
the  form  of  a  carbide  of  iron  or  alloy  of  iron  and  carbon  which  adds  to  the  strengtC  and  hardness 
of  the  material.  The  graphitic  carbon  is  graphite  in  the  form  of  thin  flakes,  leaving  a  net  woric 
or  skeleton  of  the  alloy  surrounding  it. 

In  general  gray  iron  may  be  considered  a  mass  consisting  of  particles  of  graphite  surrounded 
by  a  matrix  of  metallic  alloy.  The  strength  of  iron  is  greatly  affected  by  the  condition  of  the 
carbon.  The  crystals  of  the  graphite  are  brittle  and  show  decided  cleavages,  hence  they  cannot 
be  a  factor  in  the  strength  of  the  iron.  Thus  by  breaking  up  the  continuity  of  the  matrix  the 
graphite  causes  weakness  which  will  vary  directly  with  the  quantity. 

The  silicon  plajrv  an  imi>ortant  part  in  the  phsrsical  properties  of  gray  iron,  not  directly,  but  in  its  effect  on 
the  condition  of  the  carbon.  The  higher  the  silicon,  the  greater  the  amount  of  graphitic  carbon,  hence  the  leas 
the  amount  of  the  combined  carbon,  and  the  softer  the  iron.  The  foundryman  therefore  regulates  the  physical 
properties  of  his  material  in  regulating  the  amount  of  silicon  by  the  proper  mixing  of  his  different  irons. 

Sulphur  has  the  opposite  effect  of  silicon  and  tends  to  harden  the  iron  by  increasing  the  combined  carbon. 
Thus,  sulphur  is  to  be  avoided  in  soft  irons  and  only  plasrs  an  important  part  in  the  so-called  chilled  irons,  as 
in  oar  wheels  and  Uke  products  where  the  surface  is  rendered  hard. 

Manganese  tends  to  harden  the  iron  and  to  offset  the  effect  of  the  sulphur.  It  is  sometimes  referred  to  as  a 
▼eil  for  the  sulphur  so  that  when  high  sulphur  iron  only  is  available  some  increase  in  the  manganese  will  offset 
the  difficulty  to  be  expected  with  high  sulphur. 

Phosphorous  in  cast  iron  is  not  detrimental  in  percentages  varying  from  0.30  to  0.50%.  Where  great  fluidity 
is  required,  the  amount  may  be  as  high  as  1.00%. 

The  above  discussion  of  the  effect  of  the  chemical  constituents  upon  the  physical  properties  of  gray  iron  is 
not  given  with  a  view  of  encouraging  the  engineer  to  write  his  own  chemical  specifications  for  what  he  thinks 
desirable,  but  to  endeavor  to  show  him  the  futility  of  such  effort.  The  chemical  constituents  of  gray  iron  should 
be  determined  by  the  foundry  metallurgist  and  the  engineer  should  only  specify  the  phsrsical  properties  he  desires. 

The  physical  propertiea  of  gray  iron  vary  between  somewhat  wide  limits  depending  upon  the  sise  and 
dimensions  of  the  casting.  The  American  Society  for  Testing  Materials  publishes  a  flexible  specification  which 
gives  the  physical  properties  to  be  expected  in  different  casting  thicknesses.  This  specification  is  perfectly 
rational  and  can  be  met  by  any  foundryman  without  imposing  upon  him  an  undue  burden.    It  is  therefore 
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wise  to  follow  theM  speoificationa,  o«re  being  taken  that  the  one  of  the  latest  revision  be  used.    These  specifica- 
tions are  changed  from  time  to  time  as  the  art  improves. 

Gray  iron  possesses  comi>arativeIy  little  strength  in  tension  and  no  ductility.  This  therefore  renders  the  use 
of  gray  iron  castings  in  tension  uncertain  and  they  should  not  be  so  used  unless  the  load  is  static  and  unit  stress 
is  low.  Qray  iron  possesses  its  greatest  value  in  compression  where  the  ultimate  strength  is  about  four  times 
that  in  tension.  For  construction  purposes  it  is  therefore  wise  to  consider  gray  iron  only  in  compression.  It 
should  be  used  for  column  bases,  floor  plates,  columns  under  some  conditions,  etc. 

46.  Semi  Steel. — Semi  steel,  so  called,  is  subject  to  the  same  discussion  as  in  the  case  of 
gray  iron,  and  is  made  by  adding  steel  scrap  to  gray  iron  mixtures  in  the  melting  furnace. 

Semi  steel  is  supposed  to  be  stronger  than  gray  iron  but  unless  care  is  taken  and  the  foundry- 
man  thoroughly  understands  the  manufacture  of  semi  steel,  there  is  great  question  whether  there 
are  any  beneficial  results.  The  usual  additions  of  steel  scrap  vary  from  10  to  25  %,  and  the 
strength  increases  with  added  amounts  up  to  about  30%,  above  which  the  strength  tends  to 
fall  off.  Semi  steel  may  be  used  where  greater  strength  is  desired  than  can  be  realized  from 
gray  iron  and  the  same  character  of  applied  stress  sliould  govern. 

46.  White  Iron. — White  cast  iron  is  used  only  in  cases  where  a  chilled  surface  is  required 
to  resist  abrasion,  but  when  there  is  no  tensile  stress  or  shock.  In  white  iron  the  carbon  is  all 
in  the  combined  form,  therefore  it  cannot  be  machined  except  by  grinding.  Inserts  of  white  iron 
ore  are  sometimes  used  when  there  is  sliding  contact. 

47.  Malleable  Cast  Iron. — Malleable  cast  iron,  which  is  commercially  known  as  malleable 
iron,  is  defined  by  the  International  Association  for  Testing  Materials  as  **Iron  which  is  first 
cast  iron  and  later  made  malleable  without  remelting.''  Malleable  cast  iron  is  first  cast  in 
wliite  iron  using  the  air,  cupola,  electric  or  open  hearth  furnace.  Small  castings  are  frequently 
produced  by  cupola  melting  but  the  majority  of  all  castings  are  produced  in  the  air  furnace. 
After  casting  as  white  iron  (all  of  the  carbon  in  the  combined  form),  the  castings  are  inspected, 
after  which  they  are  packed  in  boxes  with  an  odixizing  agent,  in  which  they  are  heated  for  a 
period  of  from  5  to  7  days.  In  this  treatment  known  as  annealing,  the  combined  carbon  is 
changed  to  the  form  of  graphite,  known  as  temper  carbon.  At  the  same  time  the  outside  surface 
is  decarbonized  by  the  action  of  the  ozidizing  agent.  The  form  of  the  graphitic  carbon  varies 
from  that  of  gray  iron  inasmuch  as  the  gray  iron  is  in  the  form  of  flakes  and  therefore  occupies 
the  greater  part  of  the  cross  sectional  area,  while  in  malleable  iron  it  is  in  the  form  of  nodtiles 
occupying  a  lesser  amount  of  the  cross  sectional  area,  leaving  a  greater  percentage  of  the  matrix 
effective.     Since  the  carbon  is  practically  all  graphitic,  the  matrix  is  soft  and  ductile. 

The  use  of  malleable  iron  is  constantly  growing  and  at  some  future  day  will  find  an  extended  use  in  con- 
struction work.  It  is  now  used  principally  for  hardware,  concrete  inserts,  hanger  straps,  etc.  It  can  be  used  in 
tension  to  some  extent  and  for  transverse  loading.  In  compression  malleable  iron  has  no  advantage  over  gray 
iron  and  is  more  expensive. 

Malleable  cast  iron  in  tension  has  a  value  from  40,000  to  50,000  lb.  per  sq.  in.  and  an  elongation  of  from  7 
to  15%. 

Specifications  for  malleable  iron  of  the  American  Society  for  Testing  Materials  should  be  used  when 
malleable  castings  are  desired. 

48.  Design  of  Castings. — Care  should  be  taken  in  the  design  of  castings  for  whatever  pur- 
poses intended,  and  sharp  corners  and  angles  should  be  avoided,  using  well  rounded  corners  and 
large  fillets.  This  is  desirable  owing  to  the  fact  that  in  all  metals,  upon  solidifying,  the  crystals 
grow  at  right  angles  to  the  surface.  This  causes  weakness  along  a  line  bisecting  the  angle 
of  the  surfaces,  along  which  failures  may  occur. 

The  section  of  ribs,  etc.  should  be  kept  as  nearly  uniform  as  possible.  A  large  section  immediately  adjacent 
to  a  light  section  is  apt  to  cause  difficulty  and  internal  troubles.  The  engineer  should  exercise  great  care  and 
judgment  in  the  design  of  castings  for  any  purpose  whatever,  since  a  little  judgment  shown  at  such  a  time  will 
avoid  failure  which  might  be  destructive  to  both  life  and  property. 

The  defects  in  castings  of  all  kinds  are:  (1)  blow  holes  which  occur  near  the  surface  and  are  usually  indicated 
by  surface  porosity;  (2)  contraction  cavities  which  are  usually  found  below  the  surface  at  the  intersection  of 
large  and  small  sections  (usually  referred  to  by  the  foundry  men  as  shrink  holes);  and  (3)  scabs,  which  are 
purely  surface  defects,  and  as  a  rule  cause  no  trouble  except  where  it  is  desired  to  make  connection  with  some 
other  member  without  machining. 
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WROUGHT    IRON 

Bt  James  H.  Herbon 

49.  Wrought  Iron  Defined. — Wrought  iron  is  defined  by  the  International  Association  for 
Testing  Materials  as  ^^  Malleable  iron  which  is  aggregated  from  pasty  particles  without  subse- 
quent fusion  and  contains  so  little  carbon  that  it  does  not  harden  usefully  when  cooled  rapidly." 

60.  Method  of  Manufacture. — Wrought  iron  is  manufactured  by  the  process  of  puddling, 
— i.  e.j  melting  in  a  furnace  from  pig  iron  and  ore  and  constantly  stirred  until  practically  all  the 
carbon  and  other  impurities  are  burned  out.  This  leaves  the  iron  in  a  plastic  condition,  satu- 
rated with  slag.  The  material  is  gathered  into  a  plastic  lump  and  put  in  a ' '  squeezer' '  where  much 
of  the  slag  is  squeezed  out.  The  remaining  material  is  then  rolled  into  billets  known  as  "  Muck 
Bars. "  Subsequent  rollings  refine  the  material  by  further  eliminating  the  slag  and  it  is  called 
single  and  double  refined  iron,  depending  \ipon  the  number  of  times  rolled. 

61.  Structure  of  Wrought  Iron. — The  structure  of  wrought  iron  is  commonly  called  fibrous 
due  to  the  presence  of  a  considerable  amount  of  slag.  This  slag  is  found  in  alternate  layers 
with  the  iron,  which  gives  the  appearance  of  fibers  and  which  is  referred  to  at  times  as  "  woody. " 
The  layers  of  slag  serve  as  a  protecting  covering  for  the  alternate  layers  of  iron,  thereby  render- 
ing the  material  somewhat  immune  to  corrosive  conditions.  The  carbon  content  is  usually 
under  0.15  %,  with  the  manganese  under  0.30  %. 

62.  Physical  Properties. — The  physical  properties  of  wrought  iron  are  fairly  constant; 
the  tensile  strength  from  50,000  to  60,000  lb.  per  sq.  in.,  with  the  elastic  limit  from  one-half 
to  three-fifths  of  the  tensile  strength.  Both  the  elongation  and  reduction  of  area  are  high, 
denoting  excellent  fatigue  resisting  properties. 

68.  Uses  of  Wrought  Iron. — The  greatest  value  of  wrought  iron  is  in  its  ability  to  resist 
corrosion  and  is  in  consequence  used  for  sheets,  both  plain  and  corrugated,  metal  lath,  pipe,  etc. 
Practically  no  wrought  iron  is  now  used  for  structural  shapes.  Probably  the  most  important 
use  of  wrought  iron  is  in  pipe  where  its  resistance  to  corrosion  results  in  long  life  and  good  serv- 
ice. Wrought  iron  can  be  identified  by  the  surface  appearance  of  small  hairline  checks  which 
lepresent  the  slag. 

Wrought  iron  should  be  purchased  under  the  specifications  of  the  American  Society  for 
Testing  Materials. 

64.  Ingot  Iron  and  Copper  Bearing  Metal. — In  the  same  general  class  with  wrought  iron 
in  its  resistance  to  corrosion,  are  the  so-called  ingot  iron  and  copper  bearing  metal. 

Ingot  iron  is  made  in  the  open  hearth  furnace,  eliminating  as  far  as  possible  the  impurities 
usually  found  in  steel,  thereby  obtaining  as  pure  a  product  as  possible.  It  is  then  cast  in  ingots 
and  rolled  into  the  form  required.  Owing  to  certain  properties  of  this  material  it  is  hard  to 
handle  in  forging  operation,  therefore  any  forgings  required  should  be  carefully  made. 

The  value  of  this  material  lies  largely  in  its  capacity  to  resist  corrosion  due  to  the  low  percentage  of  im- 
purities, and  it  is  furnished  in  sheets  both  black  and  galvanized.  There  arc  no  specifications  under  which  this 
material  is  furnished.    It  is  usually  supplied  under  various  trade  names. 

Copper  bearing  steel  takes  its  name  from  a  small  percentage  of  copper,  from  0.30  to  0.50%.  This  contrib- 
utes to  its  capacity  to  resist  corrosion,  probably  by  alloying  with  the  iron.  The  other  constituents  are  as  low 
as  is  practical.    This  material  is  used  for  sheets  for  sheathing,  metal  lath,  etc. 

STEEL 

By  James  H.  Herrox 

66.  In  General. — Chemically,  steel  may  be  defined  as  an  alloy  of  iron-carbon  and  other 
elements  being  present  in  varying  amounts  depending  upon  the  properties  desired.  Where  the 
steel  is  composed  of  an  alloy  of  iron  and  carbon  with  other  elements  in  small  quantities,  it  is 
customary  to  refer  to  such  material  as  carbon  steel.  Where  small  quantities  of  other  elements 
(such  as  nickel,  chromium,  vanadium,  etc.)  are  present  in  addition  to  ♦he  iron  and  carbon,  it  is 
customary  to  refer  to  the  material  as  alloy  steel. 
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Of  the  elements  entering  into  the  com poHition  of  steel,  some  areof  value,  while  others  are  a 
detrimeDt.  The  value  of  the  eteel  is  determined  largely  by  these  elements.  Not  only  should 
their  presence  be  considered,  but  the  amount  of  each  should  be  accurately  determiued.  They 
will  be  taken  up  in  the  order  in  which  they  are  usually  regarded. 

Carbon. — Tha  ssnaml  inaueniie  of  cubon  on  gtHl  ii  gniMr  Miucdty.  It  alio  nnden  tht  itMl  lurdBr  ud 
■tlScr.  Tb>  tnuila  itnusth  is  incnaied  about  aOO  to  SOO  lb.  pet  aq.  io.  for  Mch  mddltionkl  point  of  caibon,  wbila 
tha  ductility  ii  deomwid  about  O.fi  %  for  aub  addiUonal  point  of  urbon  (aee  Fii.  1).  Steal  with  0.30!^  carbon 
becina  to  aiiow  appreciabla  hLcdanina  vhan  ooolod  quickly,  but  does  not  abow  avidenoa  of  brlttl«naa  in  tha  normal 
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porpoaai.  8t««l  with  maaffancaa  be 
to  briltlaacaa.  while  ateal  of  over  t 
toochneaa  uid  itrenith. 

Photphontt, — Pboaphonu  randara  ateel 

SufpAu'.— Sulphur  hu  b  tfudancy  to  r. 
ia  to  be  forged,  or  atherwi»  worked  hot. 
better  to  keep  the  aulpbur  b^low  0.04  r,. 

Silicon, — Sitican  is  eenn-olly  HUppoeed 


eel  and  Inereue  tha  twulle  ■trancth  by  al 


Higher  or  lower  manganeae  may  be  epedfied  tor  apecikl 
dd  be  avoided,  due  to  increaaed  bardnHe  and  a  tendenoy 
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3wn  as  in'plex  ifidric.     Eleotrio  steel  is  largely  alloy  steel  and 

ST.  Carbon  Steal- — -Carbon  steel  is  defined  by  the  International  Association  for  Testing 
Materials  as  "  Stce!  which  owes  its  distinctive  properties  chiefly  to  the  carbon  as  diatinguisbed 
from  the  other  elements  which  it  contains."  It  also  can  be  defined  as  an  alloy  of  iron,  and  car- 
bon varying  from  0,10  to  2.25%. 

A  laqse  part  of  the  steel  used  for  building  construction  is  of  this  class  and  may  be  classified 
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as  soft,  medium  and  hard.  Soft  steel  is  that  with  a  carbon  content  of  0.25  %  or  under,  medium 
steel  is  that  of  a  carbon  content  from  0.25  to  0.50  %;  and  hard  steel  is  that  with  a  carbon  con- 
tent exceeding  0.50%.  Little  steel  with  a  carbon  content  exceeding  0.70%  is  used  in  building 
construction  since  steels  in  the  higher  range  of  carbon  are  known  as  brittle  and  would  have 
little  use  in  an  untreated  condition.  Springs  and  steels  for  metal  and  wood  working  tools  fall 
in  this  class. 

Since  the  greater  part  of  the  steel  used  for  building  construction  is  carbon  steel,  the  char- 
acter of  each  kind  should  be  carefully  considered  for  different  purposes. 

Bessemer  steel  is  used  for  little  except  rails,  structural  steel  for  buildings  and  oonorete  reinforcement  bars,  and 
much  discrimination  should  be  shown  in  regard  to  whether  it  should  be  used  for  any  of  these  purposes.  The  high 
phosphorus  present  renders  its  use  inadvisable  when  there  is  a  condition  of  dynamic  loading,  so  that  in  struotores 
subject  to  heavy  live  load  conditions,  it  should  not  be  considered.  The  speddcations  of  the  American  Society  for 
Testing  Materials  provide  for  structural  steel  for  buildings*  for  both  Bessemer  and  open  hearth  steel.  The  engineer 
should  therefore  be  careful  in  making  his  selection  to  meet  the  need. 

The  use  of  open  hearth  steel  should  be  encouraged.  Its  use  is  constantly  increasing  and  the  prediction  is 
freely  made  that  in  the  course  of  a  few  years  it  will  entirely  replace  Bessemer  steel  except  for  a  few  specialised  \ises. 
By  far  the  greater  part  of  the  specifications  of  the  American  Society  for  Testing  Materials  as  now  written  call  for 
open  hearth  steel. 

68.  Alloy  steel. — Alloy  steel  is  defined  by  the  International  Association  for  Testing  Mate- 
rials as  "Steel  which  owes  its  distinctive  properties  chiefly  to  some  element  or  elements  other 
than  carbon  or  jointly  to  such  other  element  and  carbon." 

The  simplest  class  of  alloy  steel  is  that  having  one  alloying  element  in  addition  to  iron  and 
carbon.     The  best  known  of  these  steels  are  nickel  steely  chromium  steely  and  mangancBe  steel. 

Nickel  steel  has  the  most  extensive  use  of  all  alloy  steels  for  any  purpose  whatever.  It  is  the  general  prediction 
that  ultimately  nickel  structural  steel  will  be  used  in  practically  all  important  structures.  The  strength  of  nickel 
steel  is  about  25  %  higher  than  carbon  steel  for  the  same  elongation  and  for  the  same  purpose.  Some  use  has 
already  been  made  of  nickel  steel  for  structures  and  should  be  considered  where  physical  conditions  may  limit  the 
sise  of  the  members.  Nickel  steel  is  used  in  the  normal  (rolled)  condition.  The  properties  are  considerably 
improved  by  heating  treatment. 

Chromium  steel  is  used  when  extreme  hardness  is  required.  For  such  members  as  bearing  plates  that  must 
resist  crushing  or  wear  or  similar  service,  this  material  can  be  satisfactorily  used.  Chromium  steel  ean  be 
machined  when  annealed,  but  must  be  treated  to  be  effective  in  use. 

Manganese  steel  is  a  casting  alloy  possessing  great  resistance  to  abrasion  and  is  used  when  a  casting  will 
apply.  It  cannot  be  finished  except  by  grinding  so  cannot  be  used  where  other  machining  is  necessary.  It  has 
found  a  use  for  switches  and  frog  points,  steam  shovel  bucket  points  and  the  lips  of  grab  buckets.  Its  use  is  growing 
and  the  future  will  see  a  greatly  extended  use  of  this  material. 

The  more  highly  developed  alloy  steels  of  the  quarternary  group  have  little  application  to 
building  construction.  Among  these  steels  are  the  chrome-nickd,  chrome-vanadium^  silico- 
manganese  and  others  carrying  iungsteny  molybdenum  and  cobaU.  Consideration  of  these  steels 
with  their  properties  as  affected  by  treatment,  would  be  beyond  the  scope  of  this  work. 

K  the  reader  feels  suflSciently  interested  in  the  subject,  it  would  be  well  to  procure  some 
well  known  book  on  the  subject,  and  study  the  same  carefully,  if  to  promote  no  thing  more  than 
an  appreciation  of  this  exceedingly  important  and  far  reaching  subject. 

69.  Steel  Castings. — For  building  construction,  practically  all  steel  castings  are  of  carbon 
steel.  This  is  usually  of  the  medium  grade  (0.25  to  0.50%)  along  the  lower  carbon  range. 
While  steel  castings  may  be  used  in  tension,  such  use  is  frought  with  some  danger  and  it  is  safe 
to  consider  such  for  compression  or  transverse  loading  only — the  latter  when  the  probability 
of  contraction  cavities  will  occur  near  the  neutral  axis  or  on  the  compression  side. 

The  specifications  of  the  American  Society  for  Testing  Materials  should  be  used  when  steel 
castings  are  to  be  used. 

The  same  imperfections  that  arc  found  in  iron  castings  are  common  to  steel  castings  but 
in  a  more  pronounced  degree. 

60.  Rolled  Shapes. — Rolled  shapes — ^vi2.,  beams,  channels,  angles,  plates  and  bars — 
comprise  the  large  part  of  steel  used  in  building  construction.  This  in  a  great  measure  is 
carbon  steel  of  the  soft  and  medium  grades.  The  handbooks  of  the  various  steel  manijfac- 
turers  give  full  tables  of  the  properties  of  the  various  sections  rolled,  also  table  of  safe  loads  for 

>  See  Appendix  C. 
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difTereiit  cloaseB  of  lofkding.  These  tables  uses  factor  of  four,  or  a  unit  stre8sofie,0001b.  The 
diflcriimiiating  designer  will  consider  the  elastic  limit  rathor  than  the  ultimate  strength  and 
•elect  an  allowable  unit  stress  that  will  be  sufficient  'o  cover  the  needs.  It  is  manifestly  oeeefr- 
■ary  to  allow  a  less  unit  stress  where  the  conditions  of  loading  are  dynamic  than  where  static. 
The  specifications  of  the  American  Society  for  Testing  Materials  for  structural  steel  should  be 
used  (see  Appendix  C). 

61.  Porgings. — When  rolled  shapes  are  not  available  forgings  can  be  made  to  suit  the  need 
and  should  be  annealed  before  used  to  reUeve  the  strain  set  up  in  the  hammering  operation. 
The  specifications  of  the  American  Society  for  Testing  Materials  for  forgings  and  annealing 
should  be  used. 

6S.  Uniform  Specifications. — Uniform  specifications  have  been  realized  in  recent  years 
through  the  efforts  of  the  American  Society  for  Testing  Materials.  The  specifications  of 
this  Society  should  be  used  in  every  case  where  they  apply.  Time  will  be  saved  in  drawing 
up  general  specifications  by  using  the  name,  serial  designation  and  latest  revision  of  the  partic- 
ular specifications, 

63.  Ezaminition  of  Structural  Steel. — In  the  examination  of  structural  steel,  the  following 
flaws  should  be  guarded  against : 


bendiai  t«l  or  pieklinc  will  aeserKlly 


84.  Steel  Lumber  or  Structural  Pressed  Steel.— Steel  lumber  is  a  term  applied  to  pressed 
steel  beams  and  channels  designed  to  take  the  place  of  wood  joists  and  studs  in  building  con- 
struction. The  word  »lfd  Jumper  is  more  or  less  of  a  trade  name  since  practically  the  samema- 
terial  is  made  under  the  general  term  of  airucluTol  pressed  steel. 

Structural  pressed  steel  is  formed  from  rolled  sheets  into  channel  sectionswith  the  outside 
edge  of  the  flange  turned  toward  the  inside  and  parallel  to  the  web  (see  figs.  2  and  2A). 
The  value  of  this  form  is  to  stiffen  the  outside  of  the  flange  on  the  compression  side.  The  web 
and  flanges  are  uniform  in  thickness  and  structure,  having  been  rolled  as  a  sheet.  To  produce 
a  beam,  two  channel  sections  are  placed  back  to  back  and  either  riveted  or  spot  welded,  thus 
baring  twice  the  carrying  capacity  of  the  channel  and  something  over  twice  the  lateral  stiffness. 
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The  transverse  strength  is  less  per  unit  of  weight  than  in  a  standard  beam  of  the  same  depth 
since  the  flanges  are  thin  in  proportion  to  the  web. 

The  superiority  of  structural  pressed  steel  is  supposed  to  lie  in  its  ability  to  lighten  the  con- 
struction over  the  regular  standard  rolled  section  and  at  the  same  time  possesses  the  fire  proof 
features  lacking  in  wood  members. 

Structural  pressed  steel  is  made  in  sections  up  to  12  in.  in  depth,  the  thickness  of  the  sheet 
from  which  they  are  made  being  proportional  to  the  size  of  the  member.  Special  shapes  can 
be  made  at  little  additional  cost. 

In  using  this  material  in  design,  the  game  general  rules  apply  as  in  the  case  of  standard  structural  shapes. 
Tables  of  properties  and  safe  loads  are  furnished  by  the  manufacturers.  Structural  pressed  steel  can  be  used 
in  connection  with  standard  structural  shapes,  connecting  with  hangers,  angles,  or  supported  on  top  of  them 
and  held  with  a  clip.  This  renders  the  application  in  the  field  a  simple  matter.  The  pressed  sections  may  be 
built  into  the  wall,  or  into  reinforced  concrete  girders. 

The  studding  is  in  channel  form  and  can  be  applied  either  on  the  top  of  the  floor  using  a  channel  or  angle 
base  or  track,  or  on  the  joists  directly,  with  the  joists  above  carried  upon  the  studs. 

The  metal  lath  used  for  floor  reinforcement,  ceiling  or  side  wall  construction  is  clipped  to  the  pressed  steel 
members.    The  prongs  for  clipping  are  cut  from  the  flanges  of  the  joists  or  studs. 

The  ease  of  making  the  connections  in  structural  pressed  steel  with  little  field  work  commends  its  use 
where  great  strength  is  not  required.  It  probably  can  be  erected  at  little  greater  cost  than  wood  joists  and 
studs.    Each  particular  application  should  be  studied  to  avoid  trouble. 

The  introduction  of  structural  pressed  steel  has  raised  some  questions  which  might  be  stated  briefly  as 
follows:  (l)  The  use  of  a  thin  floor  which  shows  a  tendency  to  crack  where  the  joists  are  long  span,  due  to 
both  defection  of  joists  and  slab;  (2)  thin  plastered  covering  of  wall  and  ceiling,  possibly  too  thin  to  protect 
members  from  effect  of  heat  in  case  of  fire;  (3)  thin  section  of  members,  offering  little  resistance  to  corrosion 
under  damp  or  corrosive  conditions. 


LIME,  LIME  PLASTER,  AND  LIME  MORTAR 
By  D.  Knickerbacker  Boyd 

66.  Quick  Lime  and  Its  Manufacture. — Limey  or  mason^s  lime,  is  a  product  resulting  from 
the  burning  of  limestone.  This  stone  is  found  in  nearly  every  state  in  the  union  and  in  two 
distinct  types — one  containing  up  to  98  %  calcium  carbonate  with  little  or  no  magnesium,  and 
the  other  containing  magnesium  in  quantities  ranging  as  high  as  84  parts  to  100  parts  of  calcium 
carbonate.     A  limestone  containing  over  25%  magnesium  carbonate  is  known  as  "dolomitic." 

The  lime  resulting  from  the  burning  of  these  limestones  is  known  either  as  "calcium  "or 
"high-calcium  lime"  or  as  "magnesium"  or  "dolomitic  lime."  Although  each  requires  a  diff- 
erent proportion  of  sand  or  other  ingredients,  and  varying  claims  are  made  as  to  qualities  of 
plasticity  or  workability,  all  are  equally  suitable  for  general  building  purposes.  In  the  case  of 
finishing  coats  for  plaster  work,  however,  preference  is  given  to  that  lime  which  works  the  most 
easily  under  the  finishing  trowel. 

Limestone  may  be  considered  as  composed  of  calcium  oxide  (CaO)  and  carbon  dioxide  (COi) 
— these  constituents  forming,  when  combined,  calcium. carbonate  (CaCOa)  which  is  the  form  in 
which  raw  limestone  is  found.  A  chemically  pure  calcium  carbonate  would  be  composed  of 
56  parts  of  calcium  oxide  and  44  parts  carbon  dioxide.  A  chemically  pure  dolomitic  limestone 
would  be  composed  of  56  parts  calcium  oxide,  40  parts  of  magnesium  oxide,  and  88  parts  of 
carbon  dioxide. 

The  chemical  change  which  takes  place  in  the  burning  at  1600  or  1700  deg.  F.  destroys  the 
bond  between  the  calcium  or  magnesium  oxide  and  carbon  dioxide.  Under  the  action  of  thi« 
heat  treatment,  the  carbon  dioxide,  together  with  any  moisture  contained  in  the  stone,  passdr 
off,  leaving  calcium  oxide,  or  "quick  lime."  This  lime  contains  small  percentages  of  residue 
such  as  silica,  alumina,  etc.,  which  are  difficult  to  eliminate  and  not  injurious  to  masonry  in 
the  proportions  in  which  they  are  present. 

There  are  two  general  types  of  kilns  for  burning  limestone — the  intermittent  and  the  continuous.  In  the 
intermittent  process,  the  kiln  is  charged  with  limestone  and  fuel,  then  burned,  cooled,  and  drawn.  This  constitutes 
a  complete  operation.     The  kiln  is  again  charged  and  the  operation  repeated. 
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The  continuous  type  of  kiln  is  in  general  use  in  modern  plants.  Wliile  there  are  various  types  of  such  Idlns.  the 
one  most  generally  used  is  alwajrs  subjected  to  heat  action  when  the  kilns  are  in  operation.  The  fire  is  located 
near  the  bottom  and  at  the  side  of  the  central  chamber  containing  the  lime,  so  that  the  fuel  does  not  come  in  contact 
with  the  lime.  The  lining  of  the  kiln  is  usually  round  and  built  of  some  highly  refractory  material.  As  the  lime  is 
drawn  from  the  bottom,  the  kiln  fills  with  stone  at  the  top  and  the  burning  process  goes  on  continuously. 

66.  Slaking  Quick  Lime. — When  lime  is  delivered  in  the  oxide  form  Gumps  lime)  for  use 
in  construction  work,  the  slaking  goes  forward  by  the  hand  method.  In  this  process  the  person 
charged  with  the  slaking  uses  sufficient  water  to  bring  the  mass  to  a  paste,  which  is,  according 
to  custom  or  individual  preference,  thoroughly  screened  for  prompt  use  or  is  used  without  screen- 
ing after  it  has  aged.  Ageing  consists  of  allowing  the  paste  to  stand  for  a  week  or  more  to  per- 
mit moisture  coming  in  contact  with  all  particles  of  the  oxide.  This  is  by  some  considered  to 
offer  greater  assurance  of  thoroughly  and  completely  slaking  than  other  methods. 

HydraUd  lime  is  slaked  at  the  mills  by  machinery  specially  designed  for  the  purpose.  The  principle  of  the  pro- 
cess is  to  bring  into  intimate  contact  with  the  lime  a  predetermined  quantity  of  water  that  will  chemically  combine 
with  the  lime  to  produce  complete  hydration.  In  this  action,  56  parts  of  calcium  oxide  combine  with  18  parts  of 
water.  When  completed,  the  resulting  product  is  74  parts  of  calcium  hydroxide,  or  hydrated  lime — a  fine,  dry, 
powdery  material. 

Hydrated  lime  is  packed  for  shipment  in  paper  sacks  containing  50  lb.  and  is  ready  for  use.  It  is  not  necessary 
to  slake  and  age  hydrated  lime,  but  it  is  customary  to  require  it  to  be  soaked  for  24  hr.  before  mixing  with  in- 
gredients to  be  entirely  sure  that  all  particles  are  thoroughly  hydrated  with  no  lime  oxide  remaining. 

67.  Hardening  of  Lime  Mortar. — The  hardening  of  lime  mortar  consists  partly  in  the  crys- 
tallization of  lime  hydrate  and  partly  in  reconverting  this  into  calcium  carbonate  through  ex- 
posure to  carbon  dioxide  in  the  air.  It  is  evident  from  this  that  ventilation  is  highly  desirable 
for  prompt  hardening  of  all  lime  mortars  or  plasters. 

68.  Uses  of  Lime  Plaster  and  Mortar. — ^Lime  products  (lump  and  hydrated  lime)  are  used 
for  various  purposes  in  building  construction.     The  principal  uses  are  as  follows; 

Scratch  and  brown  coat  interior  plastering. 

Finish  coat  interior  plastering. 

Exterior  stucco. 

Mortar  for  brick  and  stone  masonry. 

As  a  flux  for  concrete. 

69.  Proportions  of  Materials  for  Lime  Plaster. — The  following  proportions  of  materials 
in  preparing  one  ton  of  lime  plaster  have  been  found  to  produce  excellent  results: 

FOR  WOOD  LATH  SURFACES 

Scratch  Coat. — \\\i  cu.  ft.  hydrated  lime  (9  sacks)  or  9H  cu.  ft.  lime  putty,  15H  cu.  ft.  sand,  and  3  lb.  hair  or 
fiber. 

Brovpn  Coat. — 9  cu.  ft.  hydrated  lime  (7  sacks)  or  7^  cu.  ft.  lime  putty,  and  16H  cu.  ft.  sand. 

WhU€  Finiih. — P^inishing  hydrated  lime,  or  freshly  burned  quick  lime,  properly  slaked,  gaged  with  calcined 
gSrjMum. 

Sand  Float  Finish . — To  each  cubic  foot  of  lime  paste  used,  add  and  thoroughly  mix  one  cubic  foot  of  sand. 

METAL  LATH  SURFACES 
Scratch  Coat : 

8  cu.  ft.  hyd.  lime  (6^:4  sacks)  7      cu.  ft.  lime  putty 

IH  cu.  ft.  Portland  cement  l^i  cu.  ft.  Portland  cement 

15>^  cu.  ft.  sand  or  15>2  cu.  ft.  sand 

3  lb.  hair  or  fiber  3  lb.  hair  or  fiber 

The  Portland  cement  should  be  separately  mixed' with  its  proportion  of  sand  and  added  to  the  mixture  just 
previous  to  applying  the  plaster. 
Brown  Coat: 

9  cu.  ft.  hydrated  lime  7^i.  cu.  ft,  lime  putty 

(7  sacks)  or 

16  cu.  ft.  sand  16>a  cu.  ft.  sand 

Finish  Coat: 

Same  as  prescribed  for  application  to  wood  lath. 

MASONRY  SURFACES 

Scratch  Coat. — 9  cu.  ft.  hydrated  lime  (7  sacks)  or  7^i  cu.  ft.  lime  putty,  and  16H  cu.  ft.  sand. 

Brotpn  Coat. — Same  proportions  as  for  scratch  coat. 

Finish  CoQi. — Same  as  prescribed  for  application  on  wikkI  lath. 
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CONCRETE  SURFACES 

15  ou.  ft.  hyd.  lime  (12  Backs)  or  12^4  cu.  ft.  lime  putty,  1  cu.  ft.  sand,  and  250  lb.  calcined  gypsum. 
No  more  than  1  coat  of  plaster  on  concrete  surfaces  is  recommended. 

70.  Lime  Mortar. — The  strength  developed  by  lime  mortar  in  brick  majBonry  provides  a 
factor  of  safety  sufficient  to  meet  all  the  strains  and  stresses  to  which  brick  masonry  is  usually 
subjected.  For  structures  wherein  high  strength  is  a  consideration,  the  use  of  Formula  No.  5 
in  the  following  table  of  results  of  tests  conducted  at  Columbia  University,  New  York,  in  1915, 
is  recommended: 

Ultimate  Resisiancbs  of  8x8x84-in.  Brick  Piers  Laid  Up  With  Different  Mortars 

Shown 


1 

2 

3 

4 

5 

6 

7 

Mortar  mix 

100  lb.  C 

90  1b.  C 
4  lb.  UL 
3001b.  S 

3080 
3170 
4435 

851b.  C 
61b.  HL 
300  1b.  S 

2800 
3230 
4300 

751b.C 
10  lb.  HTi 
300  lb.  S 

3120 
3470 
4170 

50  1b.  C 
201b.  HL 
3001b.  S 

2760 
3100 
3820 

25  lb.  C 
30  lb.  HL 
300  lb.  S 

1045 
2370 
2720 

40  lb.  m. 
3001b.  S 

1535 
1870 
1960  , 

Crushed  at 
7  days 

300  lb.  S 

2630 
2840 
2840 

28  days 

3  months.  - 

C — Portland  Cement. 


HL — Hydrated  Lime. 


S— Sand. 


For  straight  lime  mortar  the  following  approximate  quantities  are  recommended: 

1  :  2      lump  lime  mortar — l^i  bbl.  lump  lime  and  H  <ni.  yd.  of  sand. 

1  :  2}4  lump  lime  mortar — IH  bbl.  lump  lime  and  H  cu.  yd.  of  sand. 

1  :  3  lump  lime  mortar — IH  bbl.  lump  lime  and  H  cu.  yd.  of  sand. 

1  :  2  hydrated  lime  mortar — 6H  sacks  hydrated  lime  and  >^  cu.  yd.  of  sand. 

1  :  2yi  hydrated  lime  mortar — 5^i  sacks  of  hydrated  lime  and  H  cu.  yd.  of  sand. 

1  :  3  hydrated  lime  mortar — 5  sacks  of  hydrated  lime  and  >i  cu.  yd.  of  sand. 

71.  Use  of  Lime  Products  in  Cement  Mortar. — The  use  of  lime  products  in  cement  mortar 
produce  the  following  results: 

(1)  Lime  introduces  into  the  mortar  a  high  degree  of  plasticity  or  workability  so  the  mortar  can  be  easily 
spread,  tiius  providing  a  more  uniform  bedding  for  the  bricks. 

(2)  The  so-called  suction  of  the  brick  affects  a  cement-lime  mortar  to  a  much  less  degree  than  it  does  a  straight 
cement  mortar.  The  use  of  lime  is  said  to  aid  in  the  retention  of  moisture  in  the  mortar  for  the  more  nearly  com- 
plete hydration  of  the  cement  in  the  mixture,  thus  causing  the  cement  to  work  at  higher  efficiency.  This  point  is 
possibly  brought  out  in  the  above  table  by  the  comparison  of  mortar  No.  5  with  mortar  No.  1.  The  economical 
feature  in  this  test  is  that  a  mortar  composed  of  20  lb.  of  hydrated  lime,  50  lb.  of  Portland  cement,  (a  total  of 
70  lb.  of  cementing  material)  and  300  lb.  sand,  developed  a  strength  approximately  1000  lb.  per  sq.  in.  stronger 
than  a  mortar  composed  of  100  lb.  of  Portland  cement  and  300  lb.  sand. 

72.  Notes  on  Plastering. — In  various  sections  of  the  country,  few,  if  any,  organizations 
have  taken  more  interest  in  the  improvement  of  the  materials  used  by  them  and  the  welfare 
of  the  occupants  of  all  buildings  than  the  various  Employing  Plasterers'  Associations.  Among 
these  the  association  in  Chicago  is  soliciting  the  cooperation  and  support  of  architects  and 
others  in  the  association's  efforts  to  set  the  highest  standards  possible  for  plastering  and  has 
issued  documents  in  which  it  says: 

Li  many  of  the  branches  of  building  construction,  efforts  are  tending  towards  the  use  of  better  material  and 
workmanship.  No  material  or  finish  for  a  building  combines  so  fully  the  essentials  for  fire  protection  and  sanitation 
at  so  low  a  cost  to  the  owner  as  does  plastering,  and  no  other  material  that  enters  so  largely  into  the  construction 
of  a  building  presents  so  large  an  area  of  visible  surface.  The  cost  of  plastering  represents  only  a  small  percentage 
of  the  total  cost  of  a  building. 

It  is  a  necessary  base  for  the  most  expensive  decorations  and  in  itself  provides  the  requisites  necessary  for  a 
finish  interior.  The  association  believes  that  so  important  an  element  in  the  construction  and  finish  of  a  building 
is  worthy  to  be  well  done,  and  that  the  best  workmanship  and  material  if  specified  and  called  for  will  more  than 
^mi>ensate  owners  and  architects  in  their  requirements  for  such  grade  of  work. 
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The  following  notes  on  plastering  issued  in  copyrighted  pamphlets  for  distribution,  writ- 
ten by  J.  Turiey  Allen,  a  member  of  the  Association  in  Philadelphia  and  a  leading  plastering 
contractor  of  the  country  with  long  years  of  experience,  will  be  found  of  much  value  and  interest. 
In  connection  with  the  two  kinds  of  plastering  to  which  he  refers — ^viz.,  ''laid  off  work"  and 
"three  coat  work,"  both  of  which  consist  of  three  coats  of  plaster —  it  is  well  to  call  attention 
to  the  following :  Laid  of  work  is  less  expensive  than  three  coat  work  because  of  the  fact  that  the 
same  scaffolding  can  be  used  for  the  first  two  coats  which  are  applied,  one  over  the  other,  while 
the  first  or  scratch  coat  is  yet  fresh.  There  are  advocates  of  each  method,  and  if  three  sepa- 
rate coats  are  desired,  specifications  should  distinctly  and  definitely  state  that  each  coat  shall 
set  and  be  dry  before  the  next  is  applied.  As  the  latter  method  requires  the  taking  down  of 
scaffold  after  each  coat  and  resetting  the  same  for  subsequent  coats,  it  is  obvious  that  pro- 
vision must  be  made  for  such  expense.  Three  coat  work  is  necessary  in  connection  with  metal 
lath. 

Wood  Lathing. — All  ceilings,  walls,  partitions,  and  under  sides  of  stairs  are  to  be  lathed  with  best  quality 
of  lath  of  full  thickness  and  free  from  bark.  Each  joint  is  to  be  broken  at  least  every  eighth  course  and  the  lath 
laid  with  sufficient  space  to  allow  a  strong  key.  All  lath  are  to  be  securely  nailed  to  each  bearing  with  3d  fine  No.  1& 
gace  wire  nails.     No  breaks  shall  occur  directly  over  corners  of  opening. 

It  is  sometimes  mentioned  in  specifications  that  best  sawn  lath  are  to  be  used.  This  is  unnecessary,  as  split 
lath  against  which  this  specification  was  intended  to  guard  have  not  been  in  the  market  for  over  50  yr.  It  is  also 
usual  to  require  dry  lath  to  be  used.  This  is  a  mistake  as  much  better  results  can  be  gained  by  using  wet  lath,  and 
allowing  the  mortar  and  the  lath  to  dry,  together.  Mortar  put  on  dry  lath  will  make  them  warp  and  twist,  and 
crack  the  mortar,  should  the  mortar  set  or  harden  before  the  lath  have  become  saturated. 

In  regard  to  the  clause  frequently  inserted  in  the  plasterer's  specifications  forbidding  the  rimning  of  lath  over 
or  behind  partitions,  it  would  seem  to  be  more  effectual  to  instruct  the  carpenter  so  to  arrange  the  studs  and  furring 
that  it  would  be  impossible  to  make  anything  else  than  a  solid  internal  angle. 

Metal  Lathing. — All  ceilings,  partitions,  and  stripped  walls  are  to  be  covered  with  metal  lath,  securely  nailed  in 
position  and  strained  so  that  it  will  not  give  when  the  second  or  finishing  coats  are  applied.  Lath  shall  be  stapled  to 
each  stud  joist  or  bearing  with  1-in.  blued  wood  staples,  si>aced  about  6  in.  apart.  Lap  lath  at  jointings  with  not 
leas  than  1-in.  lap. 

If  metal  lath  are  used,  the  supports  should  be  sufficiently  close  to  make  a  rigid  wall.  If  ordinary  wire  cloth 
is  used,  the  space  or  centers  should  not  be  greater  than  9  in.  This  distance  may  be  increased  with  some  of  the 
laths  which,  in  the  direction  of  their  stiffener,  are  more  rigid  than  plain  wire. 

Laid  Off  Work. — All  ceilings,  walls,  partitions,  and  soffits  throughout  the  building  are  to  be  plastered  with 
three  coats.  The  brown  mortar  for  this  work  is  to  be  made  of  fresh  lime,  graded  sand,  and  strong  cattle  hair  or 
fiber.  The  lime  must  be  run  through  a  sieve  of  not  less  than  five  meshes  to  the  inch,  and  used  as  soon  as  it  is  stiff 
enough  to  be  worked.  All  lath  wbrk  must  be  covered  with  first  coat  mortar  made  up  as  above  directed  and  put  on 
with  such  force  as  to  insure  a  good  clinch. 

This  is  to  be  followed  immediately  by  second  coat  mortar  made  with  a  larger  proportion  of  sand  and  less  hair 
or  fiber.  All  other  second  coating  in  the  building  is  to  be  done  with  this  mortar.  The  surface  of  the  second  coat 
must  be  made  true  and  even,  flush  with  groimds  and  fairly  out  of  winding.  All  angles  must  be  made  straight 
and  true,  all  walls  plumb. 

When  the  mortar  has  become  sufficiently  set,  the  entire  surface  must  be  made  compact  and  nibbed  with  a 
float  or  darby  and  all  bumps  or  other  imperfections  removed.  The  surface  is  to  be  left  so  that  the  finishing  coat 
will  adhere  firmly  to  it. 

Thrw-coat  Work. — All  ceilings,  walls,  partitions,  and  soffits  throughout  the  building  must  be  plastered  in  the 
best  manner,  with  three  coats. 

Each  coat  must  be  perfectly  dry  before  the  next  is  applied.  The  brown  mortar  for  this  work  must  be  made  of 
fresh  lime,  graded  sand,  and  strong  cattle  hair  or  fiber  and  the  lime  must  be  run  through  a  sieve  of  not  less  than 
five  meshes  to  the  inch,  and  used  as  soon  as  it  is  stiff  enough  to  be  worked.  All  lath  work  is  to  be  covered  with  first 
coat  mortar  made  up  as  above  directed  and  put  on  with  such  force  as  to  insure  a  good  clinch. 

The  surface  of  the  first  coat  must  be  left  as  rough  as  possible  by  being  scratched  with  a  broom  or  scratcher  so  as 
to  inaure  the  adhesion  of  the  second  coat.  It  is  also  to  be  put  on  to  such  a  thickness  that  the  first  coat  when 
dry  and  the  lath  together  may  be  strong  enough  to  resist  the  pressure  of  appljring  the  second  coat.  When  this 
mortar  has  become  perfectly  dry,  all  ceilings,  walls,  and  partitions  throughout  the  building  are  to  be  covered  with 
second  coat  mortar,  made  with  a  larger  proportion  of  sand  and  less  hair  or  fiber.  The  surface  of  the  second  coat 
must  be  made  true  and  even,  flush  with  grounds  and  fairly  out  of  winding.  All  angles  must  be  made  straight  and 
true,  all  walb  plumb. 

When  the  mortar  has  become  sufficiently  set,  the  entire  surface  must  be  compact  and  rubbed  up  with  a  float 
or  darby  and  all  bumps  or  other  imperfections  removed.  The  surface  is  to  be  left  so  that  the  finishing  coat  will 
adhere  firmly  to  it. 

It  is  usual  to  si>ecify  that  mortar  must  lie  in  the  bed  for  a  given  length  of  time,  varying  from  one  to  three 
weeks.     Because  the  limes  made  are  in  combination  with  over  45  %  of  carbonate  of  magnesia,  the  mortar  made  from 
them  seta.     When  the  slaked  lime  has  lain  in  the  bed  until  it  becomes  stiff,  and  is  then  broken  down  and  tempered» 
a  rmy  oonaiderable  proportion  of  the  strength  that  it  should  ultimately  have  is  lost. 
59 
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The  mortar  should  be  put  on  so  that  the  setting  will  occur  in  place  and  not  in  the  bed. 

The  loss  of  lime  water  while  Isring  in  the  bed  is  also  very  harmful,  as  mortar  made  with  these  limes  never  be- 
comes as  hard  on  the  wall  after  it  is  retempered  with  clean  water,  as  it  would  have  been  had  it  been  used  before 
the  addition  of  more  water  became  necessary.  Lime  that  has  lain  in  the  bed  for  some  weeks  and  is  then  tempered 
down  will  work  freely  under  the  tools  with  a  much  larger  proportion  of  sand  than  is  required  by  lime  tempered 
in  a  few  days  or  as  soon  as  it  can  be  worked.  Such  an  addition  of  sand,  however,  does  not  add  strength  to  the 
mortar  but  is  simply  an  economy  on  the  part  of  the  workman  at  the  expense  of  the  quality  of  the  work.  It  is 
sometimes  urged  that  lime  should  ripen  in  the  bed  in  order  that  all  the  particles  should  become  thoroughly  slaked. 
This  is  an  error  because  unslaked  particles  should  be  taken  out  with  a  sieve  at  the  mouth  of  the  running-off  box. 
Any  pieces  of  lime  that  will  go  through  a  mesh  of  a  No.  5  sieve,  will  slack  out  before  the  mortar  can  be  used. 

Care  should  be  taken  to  use  graded  as  well  as  sharp  sand  in  order  that  the  voids  may  be  of  such  sise  as  to  hold 
enough  lime  to  cement  the  grains  together  securely  and  at  the  same  time  by  the  dose  contact  of  the  grains,  to 
lessen  the  possibility  of  shrinkage  of  the  masF  and  map  cracking. 

No  small  part  of  the  advantage  of  rubbing  up  the  second  coat  mortar  thoroughly  is  that  it  is  thereby  made  more 
compact  than  it  was  when  originally  applied.  This  is  urged  for  the  same  reason  that  cement  concrete  should  be 
made  with  as  little  water  as  possible  and  also  to  be  thoroughly  rammed. 

It  also  follows  that  stronger  work  can  be  made  when  each  coat  dries  separately,  because  the  second  coat  can 
be  made  much  more  dense  by  being  forced  against  the  dry  first  coat,  whereas  in  laid  off  work  this  force  cannot  be 
applied,  as  it  would  simply  result  in  all  the  mortar  being  pushed  through  the  keys. 

While  Coating. — The  finishing  coat  must  be  composed  of  lime  putty  with  a  small  proportion  of  white  sand  gaged 
with  Plaster  of  Paris.  This  coat  must  be  run  on  with  such  force  as  to  insure  a  bond  to  the  second  coat  and  must  be 
troweled  to  a  burnished,  even  and  straight  surface,  free  from  chip  cracks  or  other  defects.  In  no  case  is  raw  stuff 
to  be  run  on  and  finished  with  gaged  stuff.  The  lime  from  which  this  white  mortar  is  made  must  be  run  through 
a  sieve  of  not  less  than  ten  meshes  to  the  inch.     Neat  quirks  must  be  cut  at  all  angle  beads. 

Sand  Finish. — The  mortar  for  the  sand  finish  must  be  composed  of  clean  white  sand  and  the  lump  lime  whioh 
has  been  run  through  a  sieve  of  not  less  than  five  meshes  to  the  inch. 

This  mortar  is  to  be  put  on  with  force  and  floated  to  an  even  and  true  surface,  free  from  switches,  float  marks, 
and  all  defects  or  inequalities. 


STUCCO 
By  J.  C.  Pearson 

Stucco  has  rapidly  come  into  general  use  in  this  country  as  an  exterior  finish  for  residences 
and  other  structures.  One  of  the  factors  contributing  to  this  rapid  development  has  been  the 
too  easy  adaptation  of  long-used  methods  of  interior  plastering  to  exterior  work,  a  condition 
which  has  perhaps  done  more  to  retard  than  to  encourage  the  development  of  rational  practice 
in  the  treatment  of  stucco.  Many  of  the  stuccos  applied  according  to  these  methods  have 
proved  unsatisfactory,  and  there  has  developed  an  unwarranted  prejudice  against  stucco  in 
the  minds  of  some  who  are  aware  of  the  failures,  but  who  are  not  sufficiently  well  informed  as 
to  the  causes  of  these  failures. 

It  must  be  realized,  however,  that  individual  effort  could  hardly  be  capable  of  making 
rapid  progress  in  the  improvement  of  stucco  either  in  determining  what  is  essential  to  good 
practice  or  what  is  to  be  avoided.  It  is  only  within  the  last  5  or  10  yr.  that  cooperative  investi- 
gations have  been  planned  and  carried  out  for  the  purpose  of  developing  more  complete  informa- 
tion in  regard  to  stucco  construction.  These  investigations  are  still  in  progress,  and  while 
further  important  developments  may  be  anticipated,  the  causes  of  failures  and  unsatisfactory 
results  are  now  quite  well  established. 

The  recommendations  which  follow  are  based  on  the  results  of  these  investigations, 
and  also  upon  data  gathered  from  the  examination  of  many  stucco  structures  in  different  parts 
of  the  country. 

78.  Importance  of  Good  Design  in  Stucco  Construction. — It  is  wrong  to  assume  that 
exterior  plasters  of  any  kind  are  as  durable  under  all  exposures  as  stone,  brick,  or  concrete. 
They  are  not,  and  the  sooner  architects  and  builders  realize  that  the  best  of  stuccos  have  certain 
limitations,  the  sooner  will  the  chief  causes  of  complaint  be  eliminated.  Thus  it  is  that  the 
design  of  the  structure  plays  an  important  part  in  the  permanency  and  appearance  of  stucco, 
and  the  following  suggestions  may  be  offered: 

1.  Stucco  surfaces  snould  shed  water  quickly,  and  the  more  nearly  vertical  these  surfaces  the  better.  One 
may  even  go  so  far  as  to  recommend  (especially  in  variable  climates,  such  as  those  of  the  northern  and  eastern  pMrtt 
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of  the  country)  Against  the  ute  of  stucco  on  copings,  cornices,  and  sills,  and  suggest  that  these  be  of  stone,  cast 
concrete,  or  other  niaterials  which  can  better  assume  the  burden  of  severe  exposure. 

2.  Stucco  needs  overhead  protection  wherever  there  is  danger  of  water  getting  behind  it,  and  to  insure  against 
this  it  is  safer  to  make  special  provision  against  leaks,  and  drip,  which  may  concentrate  water  flow  over  the  surface 
of  the  stucco  and  thus  injure  or  disfigure  it.  An  overhanging  roof  is  very  desirable  if  the  design  will  permit,  and 
pr<q>er  <^*#iiing  of  copings,  cornices,  and  projecting  wood  trim  over  window  and  door  openings,  together  with  clean 
eat  drip  grooves  under  sills  and  belt  courses,  will  well  repay  attention  to  details  of  this  character. 

3.  Stucco  should  preferably  not  be  run  to  the  ground,  although  this  can  be  done  successfully  on  concrete  or 
masonry  walls,  provided  the  surfaces  are  thoroughly  cleaned  before  plastering  and  a  good  mechanical  key  is 
provided  for  all  coats.  Lath  should  always  be  stopped  at  least  12  in.  above  grade  to  avoid  exposure  to  ground 
moisture. 

74.  Structure. — Apart  from  suitable  design  of  the  stucco  structure,  there  are  certain 
points  in  wall  construction  which  have  to  be  considered  as  an  essential  part  of  the  stucco  speci- 
fication. Masonry  and  concrete  walls  are  superior  to  frame  walls  because  of  their  greater 
stability.  The  chief  requirements  of  such  walls  are  that  they  should  be  straight  and  provide  a 
good  mechanical  key.  Concrete  and  concrete  block  should  preferably  be  rough  and  of  coarse 
texture,  brick  should  be  laid  in  cement  mortar  with  joints  raked  out  at  least  %  in.,  and  terra 
cotta  tile  should  be  laid  in  cement  mortar  and  be  provided  with  deep  dovetail  scoring. 

To  insure  proper  adhesion  of  the  stucco,  all  concrete  and  masonry  backings  should  be 
thoroughly  cleaned  and  properly  wetted  before  the  coating  is  applied.  It  has  been  estab- 
lished that  the  ''suction,"  or  absorption,  of  concrete  and  masonry  backings,  and  particularly 
of  undercoats,  is  a  very  important  factor  among  those  which  determine  the  permanency  and 
appearance  of  stucco  finishes.  The  general  rule  to  be  followed  is  to  wet  the  surface  only  to 
such  a  degree  that  water  will  not  be  too  rapidly  absorbed  from  the  plaster,  and  to  avoid 
wetting  the  surface  to  saturation. 

Frame  structures  to  be  covered  with  stucco  require  special  bracing  to  prevent  racking, 
and  good  foundations  to  prevent  settlement.  Small  movements  of  this  nature  will  injure  stucco 
where  wood  finish  would  not  be  affected.  Diagonal  braces  of  1  X  6-iD.  boards,  6  or  8  ft.long, 
let  into  the  studs  on  their  inner  sides  at  the  upper  and  lower  corners  of  each  wall,  and  bridging 
between  the  studs  at  least  once  in  each  story  height,  should  be  specified  for  the  bracing  of  frame 
walls.  If  the  walls  are  to  be  sheathed,  this  bracing  is  not  so  necessary,  but  neither  is  it  en- 
tirely superfluous.  Studs  are  usually  2x4  in.,  placed  16  in.  on  centers  when  sheathing  is  used, 
and  12  in.  when  sheathing  is  not  used  (unless  ribbed  or  stiffened  lath  is  to  be  applied,  in  which 
case  the  spacing  may  be  16  in.).  Studs  should  also  be  run  from  sills  to  eaves,  without 
intervening  horizontal  members,  to  avoid  any  lack  of  uniformity  or  point  of  weakness  in  the 
wall  construction. 

The  frame  stucco  structure  may  be  sheathed  or  not,  as  preferred.  There  are  advantages  in  both  methods,  and 
the  present  tendency  is  to  omit  the  sheathing  and  use  what  is  known  as  the  back  plastered  tyi>e  of  construction. 
In  this  the  lath  (which  is  preferably  of  the  self -furring  type)  is  nailed  or  stapled  directly  to  the  studs,  and  after 
two  coats  of  the  stucco  have  been  applied  to  the  exterior,  the  wall  is  back  plastered  on  the  inside  of  the  lath  to 
embed  the  lath  completely  and  to  form  a  heavier  wall.  This  back  plastered  coat  tisually  finishes  yi  in.  or  more  back 
of  the  faces  of  the  studs  and  helps  to  stiffen  the  entire  frame.  A  wall  so  constructed,  of  course,  loses  the  insulating 
value  of  the  sheathing,  and  to  compensate  for  this  a  layer  of  felt  or  other  insulating  material  is  ustially  applied 
between  the  studs  in  such  manner  as  to  form  a  double  air  space  between  the  inside  and  outside  plaster. 

If  sheathing  is  used,  it  should  be  laid  horisontally  across  the  wall  studs,  and  not  diagonally,  notwithstanding 
the  fact  that  the  latter  method  is  common  practice  in  many  sections  of  the  country.  Over  the  sheathing  should 
be  laid  a  good  grade  of  waterproof  paper,  each  course  lapping  2  in.  over  the  upper  edge  of  the  course  below.  If 
separate  furring  is  used,  this  is  next  applied  over  the  waterproof  paper  and  along  the  line  of  the  studs,  but  for  econ- 
omy self-burring  lath  is  to  be  recommended  in  preference  to  the  use  of  separate  furring.  The  lath  should  be  applied  ■ 
in  such  a  manner  as  to  form  as  nearly  as  possible  a  uniform  fabric  over  the  structure.  Particular  attention  should 
be  given  to  thoroughly  tying  and  lacing  the  joints  of  the  lath  with  galvanised  wire,  and  the  nailing  or  stapling 
should  be  not  more  than  6  or  8  in.  apart  over  the  furring.  Rigidity  and  uniformity  in  the  lath  fabric  are  essential 
to  successful  stucco  on  frame  structures. 

The  merit  of  wood  lath  as  a  base  for  cement  stucco  is  the  subject  of  never  ending  controversy.  The  writer's 
observations  have  led  him  to  the  conclusion  that,  if  properly  used,  wood  lath  may  give  satisfactory  results,  but  if 
applied  in  the  ordinary  manner  as  for  interior  plastering,  it  is  not  a  suitable  base  for  this  tyi>e  of  stucco.  The 
main  argument  for  wood  lath  as  compared  with  metal  lath  is  the  liability  of  the  latter  to  corrosion,  but  tests  and 
long  exposures  under  actual  service  conditions  have  shown  that  cement  stucco  applied  in  accordance  witn  the 
recommendations  to  be  given  in  later  paragraphs  will  protect  metal  lath  indefinitely  from  corrosion.  The  use  of 
wood  lath  for  cement  stucco  is  somewhat  analogous  to  the  use  of  wood  stripe  as  reinforcement  for  cement  mortar 
0r  tooervta;  in  either  ease  metal  ii  much  to  be  preferred. 
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76.  Materials. — The  essential  ingredients  of  a  good  stucco  are  three, — viz :  Portland  cement 
of  good  quality,  sand  or  screenings  from  crushed  stone  or  crushed  gravel,  and  clean  water. 
The  sand  or  screenings  should  be  well  graded  in  size,  and  all  should  pass  through  a  No.  8  screen. 
Other  materials  are  frequently  used, — e.^.,  hydrated  lime,  hair  or  fiber,  and  coloring  matter. 
Whenever  hydrated  lime  is  specified,  dry  hydrated  lime  is  much  to  be  preferred  to  slaked  lump 
lime  in  the  form  of  putty,  since  the  former  can  be  more  thoroughly  mixed  with  the  other  in- 
gredients. Hair  or  fiber  is  commonly  added  to  the  first  coat  of  stucco  applied  to  metal  lath, 
and  if  used  it  should  be  clean  and  thoroughly  distributed  through  the  mortar.  Coloring 
matter  for  tinting  purposes  should  consist  only  of  non-fading  mineral  pigments. 

Under  this  heading  mention  may  be  made  of  the  poesibility  of  xusing  the  so-called  "blended  cements'*  with 
good  results  in  stucco.  A  blended  cement  is  a  mixture  of  Portland  cement  and  sand  or  other  inert  material,  ground 
together  until  the  whole  is  approximately  of  the  same  fineness  as  ordinary  cement.  Experimental  results  ob- 
tained with  materials  of  this  type  have  been  highly  satisfactory,  and  there  is  every  reason  to  believe  that  blended 
cements  may  play  an  important  part  in  the  further  impr  ovement  of  stuccos. 

76.  Tools. — The  tools  required  for  the  mixing  and  application  of  stucco  are  few  and  simple. 
The  mixer  uses  the  ordinary  implements — shovel,  hoe,  bucket,  hod,  and  mixing  box.  The 
plasterer  requires  hawk,  trowel,  wooden  float,  rod,  and  darby.  These  tools  are  the  same  that 
have  been  used  in  the  plasterer^s  trade  for  generations,  and  there  is  no  change  in  modern  prac- 
tice except  for  the  tendency  to  introduce  machine  mixing,  which  is  unquestionably  a  step 
forward.  Machines  have  also  been  developed  for  the  application  of  stucco,  but  these  have  not 
yet  come  into  general  use.  An  exception  might  be  made  of  the  cement  gun,  which  has  been 
used  to  a  considerable  extent  on  large  scale  operations  with  good  results. 

77.  Mixing. — Thorough  mixing  of  the  stucco  mortar  is  essential.  For  this  reason  ma- 
chine mixing  is  always  to  be  preferred  to  hand  mixing,  but  of  course,  the  machine  is  not  always 
available.  Careful  measurement  of  all  ingredients,  including  the  water,  is  also  essential,  for 
the  separate  batches,  especially  of  the  finish  coat,  must  be  absolutely  alike  in  color  and  con- 
sistency. Care  and  the  use  of  such  methods  as  will  insure  uniform  proportions,  will  produce 
satisfactory  results  in  this  respect.  A  good  rule  to  follow  in  machine  mixing  is  to  run  the  mixer 
5  min.  after  all  the  ingredients  of  the  batch  are  introduced.  In  hand  mixing  the  dry  ingredients 
should  be  hoed  back  and  forth  until  the  color  is  uniform,  the  water  then  added,  and  the  mixing 
continued  for  10  to  15  min.,  until  the  consistency  is  uniform.  Attention  may  be  called  to  the 
importance  of  using  the  proper  amount  of  water  in  the  mix,  which  may  be  specified  as  the  least 
am§unt  of  water  that  will  produce  a  mortar  of  good  workable  consistency. 

78.  Mortar  Coats. — There  is  much  difference  of  opinion  in  regard  to  the  best  mixtures 
and  methods  of  application  of  stucco,  and  the  following  summary  of  recommended  practice  is 
compiled  from  the  latest  available  recommendations  of  the  Bureau  of  Standards,  the  Portland 
Cement  Association,  the  American  Concrete  Institute,  and  the  Associated  Metal  Lath  Manu- 
facturers. A  number  of  these  points  might  well  be  discussed  at  greater  length,  but  space  does 
not  permit. 

Proportion: — The  present  tendency  is  toward  the  use  of  leaner  mixtures  than  have  been  specified  in  the  past 
A.  good  general  formula  for  stucco  mortar  is  1  sack  of  cement  to  3  cu.  ft.  of  sand  or  stone  screenings.  If  the  sand 
or  screenings  are  well  graded,  and  contain  a  considerable  amount  of  fine  material,  a  larger  proportion  of  aggregate 
should  be  used.  The  reason  for  the  use  of  lean  mixtures  is  that  the  tendency  of  cement  mortars  to  expand  and  con- 
tract under  varying  moisture  conditions  is  approximately  proportional  to  their  cement  content.  As  this  move- 
ment is  the  chief  cause  of  structural  defects  in  stuccos,  the  advantage  of  tising  lean  mixtures  is  apparent.  The 
plasticity  of  these  mixtures  can  be  improved  by  additions  of  hydrated  lime,  but  sucli  additions  should  be  in  the  pro- 
portion of  not  more  than  10  lb.  of  lime  to  a  sack  of  cement.  Hair  may  be  used  in  the  scratch  coat  on  metal  lath  which 
is  to  be  back  plastered,  but  it  should  not  be  used  in  any  coat  on  metal  lath  over  sheathing  (unless  furring  deeper 
than  H  in.  is  used)  nor  on  any  type  of  masonry  backing. 

Waterproofino. — Waterproofing  materials  of  any  tyi>e  should  not  be  necessary  in  properly  mixed  and  applied 
cement  stucco.     Stucco  will  absorb  water  to  some  extent  in  rainy  weather,  but  this  is  not  injurious. 

NumhfT  and  ThicknetB  of  Coats. — First  class  stucco  should  be  three-coat  work.  Two-coat  work  is  permissible 
when  the  walls  upon  which  the  stucco  is  applied  are  nearly  true  planes,  or  when  circumstances  are  such  that  a  first 
class  finish  is  not  required.  The  first  or  scratch  coat  should  thoroughly  cover  and  bond  firmly  to  the  base,  since  it 
must  carry  the  weight  of  the  body  of  the  stucco.  It  should  be  at  least  }-i  in.  in  thickness  to  receive  the  rough  scor- 
ing which  provides  the  mechanical  key  for  the  second  coat.  The  second  coat  is  tisually  applied  the  day  following 
the  application  of  the  scratch  coat,  and  as  its  function  is  to  straighten  the  wall,  it  will  require  an  average  thick- 
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neas  ot^iioyi'm..  When  the  eeoond  coat  hae  been  straightened  and  haa  partially  stiffened,  it  is  gone  over  with  a 
wood  float  to  compact  it  properly,  and  is  then  lightly  scored.  The  finish  coat  should  not  be  applied  for  several 
dasrs  (the  longer  the  better)  after  the  first  and  second  coats  are  in  place.  The  delay  allows  tbe  greater  part  of  the 
initial  shrinkage  of  the  undercoats  to  take  place,  and  the  finish  is  thus  leas  likely  to  crack  from  slight  subsequent 
movements  in  the  body  of  the  stucco. 

WHting  and  Curing. — Wetting  of  each  coat  is  necessary  before  applying  the  succeeding  coat,  to  prevent  excessive 
absorption  or  "  suction  "  of  water  from  the  fresh  coat.  It  is  also  desirable  to  cure  the  second  coat  by  keeping  it  damp 
for  2  or  3  days  following  its  application,  and  the  same  treatment  should  be  given  the  finish  coat.  Fresh  coats  should 
be  protected  when  necessary  from  sun,  rain,  and  freeiing,  and  as  a  general  rule  exterior  plastering  should  not  be 
aUowed  to  go  on  under  extreme  weather  conditions. 

79.  Finishes. — Stucco  finishes  may  be  divided  into  three  groups  according  to  texture:  (1) 
Dash  finishes  of  the  ** wet"  and  "dry"  types,  (2)  smooth  finishes  comprising  the  various  modifi- 
cations of  float  finishes,  and  (3)  exposed  aggregates.  The  quality  and  cost  of  these  finishes  are 
approximately  in  the  order  given  above,  as  are  also  the  skill  and  experience  required  of  the 
plasterer  to  execute  them  succesfully. 

The  wet  dash  finishes  include  the  ** rough  cast,"  which  is  obtained  by  throwing  with  a 
paddle  a  mixture  of  cement  grout  and  pebbles  of  such  size  as  to  produce  the  desired  texture 
against  a  thin  coat  of  fresh  mortar;  the  "spatter  dash,"  which  is  obtained  in  much  the  same 
manner  as  the  rough  cast  but  with  a  very  thin  mixture  of  cement  and  coarse  sand  or  stone 
screenings;  and  the  "sand  spray"  or  "broom  dash"  which  is  obtained  by  applying  a  creamy 
mixture  of  cement  and  sand  with  a  whisk  broom  or  long  fiber  brush.  All  these  finishes  are  of 
comparatively  low  cost,  and  owing  to  their  rough  texture  have  the  advantage  of  hiding  the 
very  fine  shrinkage  cracks  which  always  develop  to  a  greater  or  less  extent.  These  features 
contribute  to  the  popularity  of  the  dash  finishes,  and  they  are  to  be  generally  recommended. 

To  some  the  wet  dashes  are  objectionable  because  of  their  dull  uniform  cement  color.  This  may  be  improved 
by  the  use  of  white  Portland  cement  in  the  finish  coat,  lightly  tinted  with  mortar  colors.  Another  means  of  avoid- 
ing this  objection  is  the  use  of  dry  dashes,  which  consist  of  clean  i>ebbles  or  marble  and  stone  chips  of  various  colors, 
thrown  forcibly  against  a  "better  coat"  of  fresh  mortar,  so  that  they  adhere  to  ar.d  cover  the  surface.  In  cement 
siaooo  thia  is  a  difficult  finish  to  execute  properly,  but  when  well  done  it  produces  an  acceptable  color  and  texture 
quite  different  in  character  from  that  of  the  wet  dashes. 

The  sand  float  finish,  when  intelligently  and  skillfully  executed  by  experienced  plasterers, 
is  one  of  the  most  acceptable  of  stucco  finishes.  Too  often  it  is  attempted  when  neither  archi- 
tect nor  plasterer  are  aware  of  the  difficulties  in  the  way  of  obtaining  satisfactory  results.  The 
fundamental  conditions  of  a  successful  sand  fioat  finish  are  a  lean  mixture  and  a  plasterer  trained 
in  the  art  of  stuccoing.  Not  less  than  three  parts  and  preferably  more,  of  well  graded  sand  with 
one  part  of  Portland  cement  can  be  definitely  specified  for  the  mixture.  After  the  straightening 
coat  has  been  dampened,  the  finish  coat  is  applied  in  a  J^-in.  layer,  carefully  straightened  and 
floated.  Finally  when  the  coat  has  well  stiffened,  a  water  float  is  given.  The  result  depends 
mainly  on  the  quality  of  workmanship.  The  float  marks,  blotches,  and  scaffold  laps  should  be 
eliminated,  and  the  color  of  the  finished  surface  should  be  uniform  and  toned  by  the  color  of  the 
aggregate.  The  lean  mixture  and  the  proper  timing  of  the  final  floating  will  prevent  the  forma- 
tion of  craze  and  map  cracks;  the  skill  of  the  plasterer  must  do  the  rest. 

The  exposed  aggregate  finish  is  more  properly  designated  as  a  surface  treated  concrete, 
although  the  name  has  frequently  been  applied  to  ordinary  trowelled  or  floated  surfaces  which 
are  given  a  final  scrubbing  treatment  with  brush  and  water,  or  a  cleaning  with  acid.  The  ex- 
posed aggregate  finish,  as  the  term  is  here  used,  is  obtained  by  applying  a  finish  coat  of  mortar 
containing  carefully  selected  and  graded  aggregate,  in  which  coarse  particles  from  3^  to  3^  in. 
or  larger  predominate.  When  this  coat  has  stiffened  to  the  desired  degree,  the  surface  film  of 
cement  and  finer  aggregate  is  removed  by  wire  brushing;  and  the  coat  is  left  to  harden  and 
dry  out.  It  is  then  cleaned  with  acid  and  finally  washed  with  clean  water.  When  this  finish 
is  properly  executed,  the  color  of  the  aggregate  should  predominate  and  determine  the  color 
of  the  finished  surface.  This  treatment  is  capable  of  producing  most  beautiful  effects  and 
easily  takes  first  rank  among  all  stucco  finishes.^ 

>  Further  information  regarding  the  exposed  aggregate   finish,  with  photographs,  b  contained  in  a  paper, 
'New  Developments  in  Surface  Treated  Concrete  and  Stucco,"  Pearson  and  Earley,  Proc.  A.C.I.,  vol.  xvi,  1920. 
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80.  Other  Types  of  Stucco. — Aside  from  Portland  cement  stucco,  which  is  the  type  most 
widely  used,  there  are  two  others  which  deserve  mention. 

One  of  these  is  the  lime  stucco  of  earlier  days,  of  which  many  splendid  examples  are  still  in 
existence.  The  question  arises,  why  were  these  lime  stuccos  almost  wholly  abandoned  in  favor 
of  Portland  cement,  when  their  quality  and  durability  are  evidenced  by  the  fact  that  some  of 
them  have  endured  for  more  than  a  century  ?  From  examination  of  some  of  the  well  known  lime 
stuccos  of  Germantown  Pa.,  and  elsewhere,  the  writer  is  of  the  opinion  that  the  conditions  under 
which  these  stuccos  were  built  are  conditions  of  the  past  (houses  with  l^in.  stone  walls,  lime 
slaked  12  months  before  use,  mortar  applied  in  thin  coats,  and  each  left  to  harden  for  an  indefi- 
nite time) ;  these  were  conditions  highly  favorable  to  lime  stucco,  but  they  no  longer  obtain. 
It  is  true  that  there  are  satisfacory  stuccos  of  the  present  period  in  which  varying  proportions  of 
lime  and  cement  have  been  used,  many  of  them  no  doubt  containing  more  lime  than  cement, 
but  so  many  failures  may  be  traced  directly  to  faulty  combinations  of  these  materials,  and  so 
much  evidence  has  accumulated  to  demonstrate  the  superiority  and  greater  reliability  of  Port- 
land cement,  that  mixtures  containing  more  than  20  to  25  %  of  lime  by  volume  should  be  avoided 
in  modern  practice. 

Within  the  last  5  or  6  yr.,  a  new  and  promising  type  of  stucco  has  been  marketed. as  a  pro- 
prietary product  by  a  number  of  competing  manufacturers.  This  material,  commonly  known 
as  magnesite  stucco,  is  a  mixture  of  magnesium  oxide,  sand,  asbestos,  and  other  fillers,  and  when 
gaged  with  a  solution  of  magnesium  chloride,  forms  a  plastic  mortar  which  develops  a  strength 
comparable  with  that  of  Portland  cement  mortar.  As  a  stucco  it  has  certain  advantages  over 
Portland  cement  stucco,  the  chief  of  which  are  greater  plasticity,  greater  flexibiity,  and  the  fact 
that  it  can  be  applied  without  injury  in  freezing  weather.  Its  greater  flexibility  and  low  voliune 
change  also  allow  it  to  be  applied  to  bases  less  suitable  for  Portland  cement  stucco, — e.  g., 
wood  lath  of  various  types.  On  the  other  hand,  its  chief  disadvantages  are:  intrinsically  high 
cost,  low  resistance  to  the  action  of  water  and  continued  dampness,  its  tendency  to  corrode 
metal  lath,  and  the  present  necessity  for  obtaining  all  materials  and  ingredients  from  the  manu- 
facturers. The  lack  of  complete  information  regarding  the  properties  and  charactenstics  of 
the  cementing  materials,  and  the  lack  of  specifications  which  will  insure  the  quality  of  the 
finished  product  are  the  chief  reasons  for  a  conservative  attitude  toward  magnesite  stucco  at 
the  present  time. 


GYPSUM  AND  GYPSUM  PRODUCTS 

Pure  gypsum  is  hydrous  calcium  sulphate, — i.e.,  calcium  sulphate  carrying  water  of  crys- 
tallizaton.     Its  chemical  formula  is  CaS04  +  2HsO. 

81.  GjTpsum  Plasters. — Where  gypsmn  is  heated  to  a  temperature  between  250  and  400 
deg.  F.,  it  loses  about  three-fourths  of  its  combined  water  and  the  calcined  product  is  known  com- 
mercially as  Plaster  of  Paris,  This  product,  when  finely  powdered  and  mixed  with  water,  takes 
up  in  combination  as  much  water  as  it  lost  through  calcination  and  becomes  rigid,  or"  set", 
through  recrystallization. 

As  found  in  nature,  gypsum  contains  impurities,  such  as  SiOj,  AL2O3  and  FeaOa,  CaCOj 
and  MgCOs.  If  these  impurities  or  substances  such  as  fiber,  added  for  the  purpose,  are  present 
in  the  calcined  product,  they  retard  setting;  and  such  gypsum  plasters  are  termed  "slow- 
setting."     Cement  plastersj  so  called,  are  gypsum  plasters  and  may  be  either  slow  or  fast  setting. 

By  calcining  gypsum  above  900  deg.  F.,  a  very  hard  flooring  plaster  is  produced,  which  sets 
very  slowly.  Keene^s  cement  is  obtained  by  calcining  pure  gypsum  at  red  heat,  immersing  it 
in  an  alum  bath,  then  drying  and  calcining  it  again.  Mack^s  cement  is  dehydrated  gypsum 
mixed  with  0.4  %  of  sodium  or  potassium  sulphate.  This  plaster  takes  a  quick,  hard  and  dura- 
ble set  and  is  used  for  floorings  or  for  stuccoing  on  walls  and  ceilings. 

82.  Classification  of  Calcined  Gjrpsum  and  Gypsum  Plasters. — The  report  of  Ck>mmittee 
C-11  of  the  A.S.T.M.,  rendered  in  June  1919,  sets  forth  in  detail  a  classification  of  calcined  gyp- 
sum as  follows: 
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Calcined  crpsum  ia  divided  into  three  daaaes,  on  the  baais  of  ita  purity,  m  follows: 

CIoM  il.— Containing  not  leae  than  88.4%  of  CaSOt  -f  HHsO  if  partially  dehydrated,  or  not  leas  than  87.6% 
of  CaS04  if  totally  dehydrated  (theae  fisurea  oorreapond  to  00  %  purity  in  the  raw  gypaum  rook). 

CIoM  AA. — Containing  not  leaa  than  71.7%  of  CaSOt  -f  HHtO  if  partially  dehydrated,  or  not  leas  than  70.4  % 
of  CaSO«  if  totally  dehydrated,  nor  more  than  the  aimilar  quantitiea  specified  for  Claaa  A  (theae  figurea  oorreapond 
to  75%  purity  in  the  raw  gypaum  rook). 

Class  AAA. — Containing  not  leaa  than  00.5  %  of  CaSOt  -f  HHsO  if  partially  dehydrated,  or  not  leas  than  59  % 
of  OaSO«  if  totally  dehydrated,  nor  more  than  the  aimilar  quantitiea  apecified  for  Claaa  AA  (theae  figurea  oorreapond 
to  04.5%  purity  in  the  raw  gypaum  rook). 

Phymeai  PropertUt. — Partially  calcined  gypaum  (all  classes)  shall  set  in  not  less  than  10  nor  more  than  50  min. 
Calcined  gypaum  (all  classes)  may  be  sold  in  one  of  the  following  sises: 

No.  4. — Material  of  this  sise  shall  all  paaa  an  8-meah  aieve,  and  not  leaa  than  40  nor  more  than  60  %  of  it  ahall 
pass  a  100-meah  aieve. 

No.  5. — Material  of  this  sise  shall  all  pass  a  14-mesh  sieve,  and  not  less  than  60  nor  more  than  80  %  of  it  shall 
pass  a  100-meah  aieve. 

No.  6. — Material  of  this  sise  shall  all  pass  a  28-mesh  sieve,  and  not  less  than  80  %  of  it  shall  pass  a  100-mesh 
sieve. 

Partially  calcined  gypaum  (all  classes)  when  mixed  with  water  to  form  a  paste  of  normal  consistency,  which  is 
molded  into  briquettes  and  allowed  to  set  until  dry,  shall  have  a  tenaile  strength  of  not  less  than  100  lb.  per  sq  in. 

Partially  calcined  gypsum  (all  classes)  when  mixed  with  water  to  form  a  paste  of  normal  consistency,  which  is 
then  molded  into  cylinders  4  in.  high  by  2  in.  in  diameter  and  allowed  to  set  until  dry,  shall  have  a  compreaaive 
atrength  of  not  leaa  than  1000  lb.  per  sq.  in. 

The  same  committee  has  also  submitted  a  tentative  report  on  gypsum  plasters,  a  portion 
of  which  is  quoted  below. 

JUady  Mixed  Oyptum  PUuter. — Ready-mixed  gypaum  plaater  ia  a  plaatering  material  in  which  the  predominat- 
ing oementitious  material  is  calcined  gypaum,  and  which  is  mixed  at  the  mill  with  all  the  constituent  parts  in  their 
IMToper  proportion.     It  requirea  only  the  addition  of  water  to  make  it  ready  for  use. 

(a)  Scratch  or  First  Coat. — Ready  mixed  gypsum  plaster  shall  contain  not  more  than  two-thirds  by  weight 
of  sand.  The  remainder  shall  contain  not  less  than  75  %  of  its  weight  of  calcined  gypaum.  The  other  25  %  of  thia 
remainder  may  be  hydrated  lime,  groimd  clay,  retarder,  or  fiber. 

(6)  Browning  or  Second  Coat. — Not  more  than  75  %  by  weight  of  the  ready-mixed  gypaum  plaster  ahall  be 
sand.  The  remainder  shall  contain  not  less  than  75%  by  weight  of  calcined  gypsum.  The  other  25%  of  thia 
remainder  may  be  hydrated  lime,  ground  clay,  retarder  or  fiber,  but  not  Portland  or  other  hydraulic  cement. 

{a)  Scratch  or  First  Coat. — This  plaster  shall  set  in  not  less  than  IH  uor  more  than  5  hr. 

(b)  Browning  or  Second  Coat. — This  plaster  shall  set  in  not  less  than  2  nor  more  than  6  hr. 

(a)  Scratch  dr  First  Coat. — Briquettes  made  of  thia  plaater  ahall  have  a  tenaile  atrength  of  not  leas  than  50  lb. 
per  aq.  in. 

(6)  Browning  or  Second  Coat. — Briquettes  made  of  this  plaster  shall  have  a  tensile  strength  of  not  less  than 
40  lb.  per  sq.  in. 

NetU  0vp9um  Plaater. — Neat  gypsum  plaster  is  a  plastering  material  in  which  not  less  than  85%  of  the  oement- 
itious material  is  calcined  gypaum,  mixed  at  the  mill  with  otner  material  in  their  proper  proportion. 

Neat  gypsum  plaster  shall  contain  not  less  than  85  %  by  weight  of  calcined  gs^wum.  The  remainder  shall 
be  hydrated  lime,  ground  clay,  asbestos,  retarder.  or  fiber.     It  shall  contain  no  Portland  or  other  hydraulic  cement. 

Briquettes  made  of  neat  gypsum  plaster  shall  have  a  tensile  strength  of  not  leas  than  100  lb.  per  aq.  in. 

Oyptum  Wood  Fiber  PUuter. — Gypaum  wood-fiber  plaster  is  a  gypsum  plaster  in  which  fiber  is  used  as  the 
aggregate. 

Gypsum  wood-fiber  plaster  shall  contain  not  less  than  80%  by  wi'ight  of  calcined  gypsum  and  not  less  than 
1  %  of  wood  fiber  made  from  a  non-staining  wood.  The  remainder  shall  be  composed  of  hydrated  lime,  ground  clay, 
asbestos,  sand,  or  retarder.     It  shall  contain  no  Portland  or  other  hydraulic  cement. 

Gypsum  wood-fiber  plaster  shall  set  in  not  less  than  \\i  nor  more  than  6  hr. 

Briquettes  made  of  gypsum  wood-fiber  plaster  shall  have  a  tensile  strength  of  not  less  than  100  lb.  per  aq.  in. 

Calcined  Oypaum  /or  White  or  Gray  Finished  Coat. — (a)  Calcined  gypsum  is  the  product  made  by  mechanical 
process  resulting  from  the  partial  (incomplete)  or  complete  dehydration  of  gypaum  by  meana  of  heat. 

(b)  These  specifications  cover  two  grades  of  calcium  gypaum,  white  and  gray. 

Calcined  gypsum  for  white  or  gray  finishing  coat  shall  all  pass  through  a  14-mesh  sieve,  and  not  leas  than 
60%  ahall  pass  through  a  100-mesh  sieve. 

Calcined  gypsum  for  white  or  gray  finishing  coat  shall  set  in  not  less  than  20  min.  nor  more  than  3  hr. 

Briquettes  made  of  calcined  gypsum  for  white  or  gray  finishing  coat  shall  have  a  tensile  strength  of  not  less 
than  200  lb.  per  sq.  in. 

Molding  Platter. — The  requirements  for  molding  plaster  shall  be  as  given  in  si>ecifications  for  calcined  gyp- 
sum for  white  or  gray  finishing  coat,  with  the  following  exception:  Molding  plaster  shall  set  in  not  less  than  10  nor 
more  than  40  min. 

Coating  Plaster. — The  requirements  for  casting  plaster  shall  be  as  given  in  specifications  for  calcined  gypsum 
for  white  or  gray  finishing  coat. 

Finieh  Coata. — Material  for  trowel  or  smooth  finis  n  shall  be  composed  of  lime  putty  and  calcined  gypsum, 
white  or  gray.  The  proportion  of  calcined  gypaum  and  lime  putty  shall  be  varied  according  to  the  season  of  the 
ymt  gad  tba  only  practical  method  ia  to  permit  the  experienced  mechanic  to  use  his  judgment  aa  to  the  proportioo. 
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S3.     Grpstim     Products. — Gypsum 

■platter  hoard,  gypaum  waU  board,  gypsum 
waii  lite,  and  other  formed  building  pro- 
ducts are  made  from  calcined  gypsum 
mixed  with  various  aggregates,  such  aa 
liber,  wood-pulp,  etc.  (see  pp.  934  and 
935).  They  are  molded  as  units  by 
various  processes  and  supplied  ready  to 
place  on  the  job. 

B3a.  Gypsum  Piaster 
Board.' — Gypsum  plaster  boards  are 
used  Ets  a  sheet  lath  or  base  for  gypsum 
plaster  on  walls,  ceilings,  and  partitions 
on  the  interior  of  buildings. 


Ofpaum  pluUr  hoard  shall  consist  c 
witta  or  without  fiber,  rdntorced  dd  t 
iBce  rio'  !>•■  than  th«  following: 
'  FVom  report  o[  Committee  C-11,  I 
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H  u^  thick  with  permiBsible  local  variations  of  He  in>  plus  or  minus,  and  the  thickness  at  any  point  in  the 

board  shall  not  be  less  than  yi  in. 
^s  in.  thick  with  permissible  local  variations  of  Me  in.  plus  or  minus,  and  the  thickness  at  any  point  in  the 

board  shall  not  be  less  than  M  e  in. 
34  in.  thick  with  permissible  local  variations  of  M  e  in.  plus  or  minus,  and  the  thickness  at  any  point  in  the 

board  shall  not  be  less  than  Ke  in* 
The  width  shall  be  32  in.  with  a  permissible  variation  of  K  in-  l®n  than  the  dimension  specified,  and  the  length 
■iiall  be  24,  36,  or  48  in.  with  a  permissible  variation  of  ^i  in.  plus  or  minus. 

Unless  otherwise  specifically  stated  in  the  order,  plaster  boards  of  the  widths  specified  and  in  lengths  of  18  and 
80  in.  may  be  included  in  amount  not  exceeding  5  %  of  any  single  car  load. 

The  weight  per  thousand  square  feet  of  plaster  board  shall  conform  to  the  following: 
For  H  in.  thick,  not  less  than  1500  nor  more  than  2000  lb. 
For  Ke  in.  thick,  not  less  than  1250  nor  more  than  1600  lb. 
For  K  in.  thick,  not  less  than  1200  nor  more  than  1500  lb. 
Strength  test  samples  shall  be  12  in.  wide  and  approximately  18  in.  long,  and  when  tested  shall  be  supported 
on  iiarallel  knife  edge  bearings  spaced  16  in.  and  loaded  through  a  similar  bearing  midway  between  the  supports. 
When  tested  as  described,  samples  taken  from  the  plaster  boards  shall  carry  not  less  than  the  following  loads: 


Thickness 
(inches) 

Load 

Stress  across  fiber 

of  surfacing 

(pounds) 

Stress  parallel  with  fiber 

of  surfacing 

(pounds) 

H 

He 

H 

40 

>  to  be  determined  by  committee 

20 

>  to  be  determined  by  committee 

The  minimum  acceptable  strength  shall  be  not  less  than  5  lb.  below  the  average  given. 

Samples  tested  shall  fail  by  rupture  of  the  surfacing  and  core  and  not  by  the  breaking  of  the  bond  between  the 
surfacing  and  the  core. 

Gjrpsum  plaster  boards  shall  be  shipped  so  as  to  be  kept  dry  and  free  from  injury.  Each  board  shall  be  plainly 
labeled  with  the  name  of  the  brand  and  of  the  manufacturer. 

Gypsum  plaster  boards  shall  conform  to  the  foregoing  requirements  and  shall  be  tested  as  provided  for  above 
when  determining  their  strength.  Plaster  boards  may  be  rejected  upon  the  failure  to  conform  to  any  of  the  fore- 
going requirements. 

83b.  GjTpsum  Wall  Board. ^ — Gypsum  wall  boards  are  used  without  plaster 
coatings,  as  a  finish  on  walls,  ceilings,  and  partitions  on  the  interior  of  buildings. 

Gypsum  wall  board  shall  consist  of  sheets  or  slabs  composed  of  a  layer  of  hydrated  gypeum  plaster  with  or 
without  fiber,  and  a  surfacing  of  chip  or  manilla  board  on  both  sides. 

The  thickness  shall  average  not  less  than-  H  in.  with  permissible  local  variations  of  Ha  in.  plus  or  minus,  and 
the  thickness  at  any  point  in  the  board  shall  not  be  less  than  He  in. 

Where  the  wall  boards  are  to  be  laid  with  joints  butted,  the  width  shall  be  32,  36,  or  48  in.  with  a  permissible 
variation  of  Ha  in-i  plus  or  minus.  Where  the  joints  are  to  be  filled  with  joint  filler,  the  width  shall  be  31H> 
35H>  or  47H  in-  with  a  i>ermi8sible  variation  of  Ha  in.  plus  or  minus.  The  length  shall  be  4,  5,  6,  7,  8,  0,  or  10  ft. 
witn  a  i>ermissible  variation  of  H  in.  plus  or  minus. 

The  weight  shall  be  not  less  than  1500  nor  more  than  2000  lb.  per  thousand  square  feet  of  wall  board. 

Strength  tests  samples  shall  be  12  in.  wide  and  approximately  18  in.  long,  and  when  tested  shall  be  supported 
on  parallel  knife-edge  bearings  spaced  16  in.  and  loaded  through  a  similar  bearing  midway  between  the  supports. 

Such  samples  taken  from  the  wall  boards  shall  carry  a  load  of  not  less  than  80  lb.  when  the  line  of  the  supports 
is  at  right  angles  to  the  direction  of  the  fiber  of  the  surfacing,  and  not  less  than  32  lb.  when  the  line  of  the  supports 
is  parallel  to  the  fiber  of  the  surfacing. 

Samples  tested  shall  fail  by  rupture  of  the  surfacing  and  core  and  not  by  the  breaking  of  the  bond  between 
the  surfacing  and  the  core. 

The  cores  shall  consist  of  hydrated  calcined  gypsum  plaster  to  which  may  be  added  not  to  exceed  15  %  by  weight 
of  sawdust  or  other  vegetable  fiber  intimately  mixed.  Cores  shall  be  of  sufficient  thickness  throughout  to  make 
the  finished  product. 

The  surfacing  material  shall  be  composed  of  plain  chip,  manilla  filled  news,  or  other  stock  of  the  same  general 
character  containing  sufficient  sising  to  meet  the  following  conditions: 

Samples  of  the  finished  wall  board  shall  sustain  a  static  head  of  1  in.  of  water  (confined  within  a  2-in.  ring 

on  either  of  the  surfaces  of  the  board)  for  a  period  of  not  less  than  2  hr.  without  penetrating  the  surface  suffi- 
ciently to  stain  the  core. 

» From  report  of  Committee  C-U,  A.S.T.M.,  June,  1919. 
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The  surfacing  material  ahall  completely  cover  the  two  larger  faces  of  the  core  and  shall  be  seourdy  bonded 

to  it. 

The  surface  designed  to  be  exposed  on  erection  shall  be  true  and  free  from  imperfections  that  would  render  the 
wall  boards  unfit  for  use  with  or  without  decoration.  The  edges  and  ends  shall  be  straight  and  solid.  Where  wall 
boards  are  to  be  butted,  the  comers  shall  be  square  with  both  side  edges.  In  cases  where  the  joints  are  to  be  filled, 
the  joints  shall  be  square  with  both  side  edges,  with  a  permissible  variation  of  H  in*  in  the  full  width  of  tike  boards. 
The  finished  product  shaU  be  dry  and  free  from  cracks  and  imperfections  that  would  render  such  boards  unfit  (w 
use. 

88c.  Gjrpsum  Tile.' — Gypsum  tile  for  non-bearing  fire  walls,  partitions,  and 
enclosures,  and  for  furring  the  inside  or  outside  of  other  walls,  consists  of  hollow  or  solid  tile  or 
blocks  which  are  manufactured  at  the  mills  and  are  delivered  for  erection  on  the  building  site. 

Qenerally,  gypsum  tile  consists  of  about  05%  finely  ground  calcined  gypsum  uniformly  mixed  with  from  2  to 
5%  by  weight  of  fibrous  material,  this  compound  being  mixed  to  a  plastic  state  with  water,  and  molded  in  the 
form  of  the  desired  units. 

Commercial  standard  sises  and  weights  per  square  foot  for  the  xises  stated  are  about  as  follows: 

IH-in.  split  furring  (IH  X  12  X  30  in.) 4.9  lb. 

2-in.  split  furring  (2  X  12  X  30  in.) 9.4  lb. 

IH-in.  solid  tile  or  block  (IH  X  12  X  30  in.) 7.2  lb. 

2-in.  soUd  tUe  or  block  (2  X  12  X  30  in.) 9.4  lb. 

3-4n.  hollow  tile  or  block  (3  X  12  X  30  in.) 9. 4  lb. 

4-in.  hoUow  tile  or  block  (4  X  12  X  30  in.) 13.0  lb. 

5-in.  hollow  tile  or  block  (5  X  12  X  30  in.) 15.6  lb. 

5-in.  solid  tUe  or  block  (5  X  12  X  30  in.) 20.0  lb. 

5-in.  hollow  tile  or  block  (6  X  12  X  30  in.) 16. 6  lb. 

in.  hoUow  tile  or  block  (8  X  12  X  30  in.) 22.4  lb. 

Special  sises  of  gypsum  tile  can  be  made  to  order  in  any  sise, 
thickness,  or  shape  to  meet  requirements. 

For  ventilation  ducts  or  special  construction  the  tile  can  be 
manufactured  with  one  or  both  faces  smooth  and  of  any  desired 
density  and  strengtn. 

Gypsum  plaster  tile  are  used  as  a  substitute  for  clay  tile, 
cement  blocks,  brick,  concrete,  metal  lath  and  plaster,  sheet 
metal,  and  wood  lath  and  plaster  in  the  following  nonbearing 
constructions: 

Corridor  walls,  partitions,  and  wall  furring. 

Fire  division  walls. 

Elevator,  stairway,  and  dumb  waiter  enclosures. 

Light  wells,  pipe  chases,  and  vexki  ducts. 

Floor  fillers,  also  roof  fillers  for  insulating  purposes. 

False  columns,  pilasters,  etc. 


Fio.  5. — Showing  application  of  Sackett 
soffit  ceiling  on  reinforced  concrete  construc- 
tion. Note  how  flanges  of  steel  clips  imbedded 
in  concrete  joists  are  bent  each  way  holding 
Sackett  board  in  place. 


In  buildings  of  fireproof  construction  or  for  any  construction  required  to  be  of  high  fire-resisting  value,  gypsum 
tile  are  used  for  the  following,  in  addition  to  the  uses  (as  stated)  for  the  protection  of  combustible  construction: 

Non-bearing,  "fire"  or  "fire  division'*  walls. 
Steel  girder,  truss  beam,  and  lintel  protection. 

All  partitions,  walls,  furring,  etc.,  should  be  started  upon  solid  flooring.  In  all  fireproof  buildings  they  should 
be  started  upon  fireproof  floor  or  other  fireproof  construction:  and  in  all  buildings  "fire '*  or  "fire  division"  walls 
should  be  constructed  upon  fireproof  floors  or  fireproof  ed  stee*  supporting  beams  or  girders.  All  comers  should  be 
bonded,  and  connections  to  other  walls  should  be  suitably  bonded  or  anchored. 

Generally,  gypeum  furring  should  be  laid  up  against  the  wall  or  partition  to  be  furred  and  be  securely  wired  or 
spiked  to  such.  Free  standing  furring  (not  against  a  wall  or  partition)  should  be  secured  by  metal  separators  spaced 
not  further  apart  than  3  ft.  in  any  direction. 

Trim,  grounds,  chair  rail  and  similar  fixtures  should  be  nailed  directly  to  the  tile  or  block.  Black  boards, 
heavy  toilet  fixtures,  mantels,  etc.,  should  be  secured  to  2-in.  nailing  blocks  which  are  nailed  to  and  are  full  sise  of 
the  end  of  the  gsrpsum  tile. 

All  tile  construction,  furring,  girder,  truss,  beam,  and  lintel  protection  of  gypsum  should  be  laid  up  in  a  mortar 
composed  of  not  less  than  one  part  of  gypsum  plaster  to  not  more  than  two  parts  of  clean  sharp  sand  by  weight. 
Steel  construction  may  be  protected  by  pouring  the  gypsum  around  the  member  in  form  work  and  to  the  required 
thickness.     All  door  buck  and  similar  framing  should  be  anchored  to  the  gypsum  construction  in  a  suitable  manner. 

In  "The  American  Architect"  for  April  14,  1918,  in  treating  of  Reinforced  Gypsum  Roof 
Tile,  the  following  mixing  precautions  and  suggestions  as  to  determination  of  strength  are  noted: 

^  This  material  supplied  by  V.  G.  Marani,  Chief  Engineer  of  the  Gypsum  Industries  Association. 
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Ons  of  tha  important  dementi  kllcMina  the  itrencth  a(  rdnfaroMl  (rpeum  4ppean  to  be  the  perMDtaca  of 
wKter  luad  in  makioi  the  plutie  materia].  The  percentace  at  inUr  nfarred  to  i*  tn  tlis  terma  of  weltht.  Aa  a 
raiult  of  the  Ktant  atuntian  uaualty  ^ven  to  tha  amount  of  water  uaed  in  reinforMd  oonsrete  conetmotion,  ttai* 

It  i«  propoead  tliaC  thi 

diametM  and  baaed  attaer 


forms  Removed 


Sdchat  m  Roca 


<r  Gould 


a  tbe  bver  priodple  and  al 


men:  a 

in.  in  diameter  and  S  in.  Is 

f  16  to  20  dan,-! 

ru.     T 

o  ha>t«n  the  dryini 

(tooanatantweisht)ofdrr 

bake 

pt  in  a  temperatun 

not  to  eioeed  100  de(.  F.i 

ad  by  fan*  or  othe 

artificial  niraui.     It  la  Im- 

j-apea 

iiaDi.  and  the  leaet 

value  obtained  uaed. 

A  t*Bt  cylinder  24  hr.  old  can  be  oooiidered  aa  a  i 
heiaht)  ahould  be  in  a  cooditjon  ol  cooitant  wrisht  v 
drying  to  a  tcmprrature  of  TO  dag.  F.  under  norma]  i 
teat  eyiinden  to  within  a  week  or  l«e  the  spedmeu 
and,  if  deeiivd.  the  pcocog  of  evaporation  or  dryinc 
portant.  however,  that  the  t«ata  be  made  on  both  wet 

It  ii  true  that  thia  prooedura  iovolvea  an  effort,  but  it  ii  the 
tnly  ratloDal  nuhner  of  eatabbatdng  a  wocldna  Kreaa  In  materiati 
vhoac  itransth  ia  baaed  on  a  combination  of  demeota.  Aa  it  require* 
but  Uttla  time  and  aimpis  eQuipment  to  dptennine  the  ultimata 
atrenctha  of  Eypium.  thara  ia  no  reaaooable  objection  lo  (ha  method 
propoaad.  In  the  caae  of  retntoroed  concrete  a  period  of  Za  daya 
would  be  BBceaeary  for  teatini.  and  thia  time  ia  not  alwaya  avail- 
atile;  hence,  the  general   nee  of  arbitrary  worldni  atnaaea.     Those 

and  ar*  ao  eatabliahed  to  make  ufe  the  uae  of  variable  material* 
and  poaaible  canlea  woikmaoahip. 

With  the  UM  of  tha  method  of  Mtabliahlni  the  working  atraeaea 
aa  propoaad,  there  ia  no  doubt  but  that  the  uae  of  thia  material  ca-i  be  employed  with  aafety  and  e 
I  aotually  uaed  on  the  Job  and  not  on  a  auppeaed  or  asaumad  condition. 


MBTAL  LATH 

The  general  function  of  metttl  lath  ie  to  form  a  support,  background,  or  base,  to  which 
plaster  or  stucco  may  be  applied.  It  is  also  by  itBelf  put  to  other  usca,  Huch  as  making  lockers, 
register  faces,  etc.  In  its  larger  sizes  and  weights,  it  is  used  for  reinforcenieiit  in  concrete  (see 
chapt«ron  "Concrete  Reinforcement"). 

All  metal  lath  is  furniahed  painted,  asphaltum  dipped,  or  galvanized,  the  earlier  practice 
of  furnishing  the  material  untreated  having  been  discontinued  by  the  manufacturers.  Gal- 
vaniied  metal  lath  is  either  manufactured  front  galvanjied  sheets  or  galvaniced  itfter  tnuni- 
facture. 

84.  Kinds  of  Hetal  Lath.i—Metal  lath  may  be  classified  as  follows: 

'  Flom  Metal  Utb  Handbook  publiataed  by  the  Aaaociat«]  Melal  Latb  Mf era- 
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(1)  Ex pnnded  metal  lath. 

DiamoDd  and  rectangular  meah. 
Bibbed  lath. 
Corrugated  lath. 

(2)  Integral  lath,  reinforcedoistifTenedjCombimngthefuDctionsof  lathaDdstuddiog. 

Expanded. 

Sheet — not  expanded. 

(3)  Sheet  lath. 

Flat  perforated. 

(4)  Wiretath — woven  or  welded. 

Plain. 
Stiffened. 
Ma.  Expanded  Uetal  Lath. 


GMe 

Wfight  per 
bundh 

Weight  per 
y-rd 

Yudiio 
100  lb. 

Xo.« 

No.  38 

27H  lb, 
30      lb. 
36      lb. 

40H  lb. 

2Mib. 
2Hlb. 

3     lb. 

43 
40 

20 

No,  24 

Biie  sheeta— 26  «».,  21  X  BO  iD,  wciEht  2.21;  I"),  per  K|.  yd. 

Siie  iheetA— 24  ga.,  22  X  SO  in.,  weight  2.90  lb.  per  iq.  yd. 
The  only  diftereoce  betvecn  B.  B.  Lath  and  Staadard  Lath  ii  tbe  nie  ot  the  meoli. 

The  Boetwick  Steel  Lath  Company.   Nilea,  Ohio,  makea  ■■Diamond- A"  expanded  mtlat  talk,    packed  u 
follow*,  aiieoTaheet  14  X  OOin.^ 


Gage 

Sheet! 

Yard. 

Wd*htper 

bundlB 

bundle 

■q.  yd. 

Nn.  27 

20 

20 

a.Mlb, 

No.  2a 

20 

3        lb. 

NCI.SS 

20 

3.4    lb. 

No.  24 

20 

20 

4  2    lb. 

pakea  Ktj/  etpandtd  m 
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Qace 


Weights  per  sq.  yd. 
painted,  lb. 


Galvanised,  lb. 


No.  27 
No.  26 
No.  25 
No.  24 


2.30 
2.50 
3.05 
3.40 


2.73 
2.04 
3.32 
3.74 


The  North  Western  Expanded  Metal  Company,  Chicago,  manufactures  a  diamond  mesh  lath  with  a  slight 
"dip"  to  the  strand.  The  trade  name  is  "  Kno-hum"  but  when  made  from  a  special  acid-resisting  steel  sheet,  it  is 
known  as  "20th  Century  Lath." 

Either  lath  may  be  had  painted  or  galvanised  after  expanding.  The  following  data  apply  to  both  grades  of  this 
lath: 

Bises    of    sheets:   18  X  06  in.  and  24  X  96  in. 


Qage 


Weight 
per  bundle,  lb. 


Yards  per 
bundle 


Sheets  per 
bundle 


Weight  per 
yd.,  lb. 


Yards  in 
1001b. 


No.  27 
No.  26 
No.  25 
No.  24 


27>2^ 
30 
36 
40>i 


12 
12 
12 
12 


9 
9 
9 
9 


2H 
2H 
3.0 
3.4 


43 
40 
33H 
29H 


Add  ^4  to  1  lb.  per  square  yard  to  above  weights  when  galvanised  after  expansion. 

Thb  company  also  manufactures  Eureka  expanded  metal  lath  in  the  same  type  of  mesh  having  a  slightly  larger 
opening.     This  material  is  made  in  the  following  siscs,  painted  or  cut  from  galvanised  sheets: 


Gage 


Sise  of 

sheets, 

in. 


Sheets  per 
bundle 


Yards  per 
bundle 


Weight  per 

bundle, 

lb. 


No.  26 
No.  24 
No.  22 


21  X  96 

22  X  96 
22  X  96 


9 
9 
9 


14 
14H 


30.8 
42.6 
53.5 


Add  ^4  to  1  lb.  per  square  yard  for  this  lath  if  galvanised  after  expanding. 

The  Garry  Iron  A  Steel  Company,  Niles,  Ohio,  makes  Oarry  expanded  metal  lath^  sheets  24  in.  wide  by  06  in. 
long,  packed  in  bundles  of  9  sh^ts  containing  16  sq.  yd.,  and  in  bundles  of  18  sheets  containing  32  sq.  yd.,  furnished 
in  27,  26,  25,  or  24-gage,  painted,  weighing  as  follows: 

No.  27  gage 2H  lb. 

No.  26  gage 2>i  lb. 

No.  25  gage 3      lb. 

No.  24  gage 3H  lb. 

Galvanised  weighs  H  lb.  heavier.     This  lath  is  furnished  in  painted  or  galvanised  material. 

The  Penn  Metal  Company,  Boston,  Mass.,  manufactures  "Pence"  (Jtrade-mark)  diamond  meeh  "D"  lath. 


Width, 
in. 


Length, 
in. 


Weight  per 
sq.  yd.,  lb. 


Sheets  in 
bundle 


Yards  in 
bundle 


No.  27  gage. 
No.  26  gage 
No.  25  gage. 
No.  24  gage 
No.  22  gage. 


24 
24 
24 
24 
24 


96 
96 
96 
96 
90 


2H 

2H 

2H  (or  3) 

3  (or  3.4) 

4 


9 
9 
9 
9 
9 


16 
16 
16 
16 
16 


AH  U.  8.  Standard  gage.     Made  in  steel,  painted  or  galvanised;  also  "Hampton"  rust-reaisting  metal.     When 
galvanised,  Add  »pprosimAtely  H  lb.  per  sq.  yd.  to  ftboTO  w«ight«. 
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Tha  ConaalidaUd  Eipaodad  HcMI  Co.,  New  York  City,  manulutuns  "Stttkrilt"  llTaJ»-wiart)  Hamond 
md  Mont  mah  lalAi.     TbtM  Uthi,  whcD  nuwls  from  add-nuMinc  atMl,  but  klao  the  Bam*  "Cop-AL" 
Tlie  foUowini  dkU  apply  to 


mnhUtb 

Oxe 

w«,ht 
lb.  per  yd. 

8i»of 
eheet,  in. 

Sbeete 
per  bundle 

Yanliper 

bundle 

2*-P 

34 

3.87 

24X07 

15 

38. « 

25-F 

as 

3.10 

34  X07 

IS 

3fl.M 

20- F 

i6 

3.70 

se.oe 

2T-F 

27 

2.48 

24XB7 

IS 

26. M 

Detuli  of  Oblong  M«h  LktD                                                                          | 

A-32 

22 

*.B7 

18X97 

IS 

20 

A-24 

30 

B-37 

27 

2.41 

18XB7 

IS 

20 

All  iheet  gnttt  ue  V.  8.  Standard,  Tbe«  Utba  are  (umiihed  painted  or  manufactured  from  aalvanuad  (Iwet. 
AUo  furnietaed  lalvanUed  aher  euttiD(.  Wfasn  cut  from  aalvaniiad  aheet,  add  0.4  lb.  per  aq.  yd.  to  above  wdghu. 
When  lalvaniaed  sttar  eipanvDD,  add  H  lb.  peraq.  yd.  to  above  welihU. 

Ribbed  Lath 


Fro.  10. — Herrrinfbona  expanded  metal  Uth.  Iwotypee. 
iqual  to  aquare  yard.     Packed  20  ebeeU  to  the  I 


ndle,  equal  to  20  aq.  ji. 


^ 

iva 

3.7a  lb 

K).  yd. 

a1 

to 

22J 

>q.  yd. 

otbebu 

G 

Iva 

iiedpe 

aq.  yd. 

qualtolHaq.  yd.     Packed  15  ih 


No.  ze 2.601b.  Notfurniabed 

No,  24 3.37  tb.  3.flllb. 

No  23 4,21  lb.  Not  furniabed 

Style  "AAA."— The  ribe  in  thiaatyle  are  made  heavier  than  in  the"BB"  Herringbone,     Gaiea.  pMkini,  and 

pproiimate  weighta  pet  equate  yard  u  follows:  Bin  ot  meah,  Hi  X  Hi  in,  Siie  of  sheeta.  18  X  9S  in,— IM 
],  yd.     Packed  15  ib«ta  (20  aq.  yd.l  to  the  bundle 

Gage                                                 Paint«d  per  aq.  yd,  Galvaniaed  per  aq.  yd. 

No.  37 3,63  tb.  3,171b. 

No,  36 2, 8!  lb.  Not  futniahed 
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Tb*  Triuaed  Concrata  HtMl  Compkur.  Youncitowti,  Ohio,  maksa  ita  itaniani  Tit  lolk  (Fl|.  11)  is  ilMSta 
of  SI  X  BB  in.,  ptuksd  12  iheeta  to  tfa*  buodla  or  18K  •<]'  yd-  Purouhad  ptialeA  in  opea  hsaith  rtetl,  wppar- 
beariag  aMel.  or  pun  iron.  Ha.  1  cnuta  waisha  Z.TZ  lb.  psr  aq.  yd.;  No.  2  grxdt  miglu  3.40  lb.  per  iq.  yd.; 
•nd  Na  i  (nde  weigha  4.0S  lb.  par  tn.  yd. 

Thu  sompany  also  malua  tlis  baaded  pUM  of  Ivp*  ^  rA  loU  (Fis.  12),  whioh  it  beavier  and  mors  ricld,  and 
pannita  of  wider  ipaaina.     Mada  Id  aheeto  IflM  X  SB  in.     Faskad  IB  tbaata  to  tlu  bundie  or  ISH  ag.  yd. 

Maximum  atud  ipacilac      Masraum  Joiit  apMinc 
Oiade  Weisht  per  aq.  yd.  for  walla  tor  eeilioBi 

(oentai  to  eentir)  (oantsr  to  oaDtar) 

No.  1-A 3.66  lb  18  in.  IS  in. 

No.2-A 4.S71b  20in.  18  In. 

No.  *- A 8.  *8  lb.  2*  in.  22  In. 

Funiiahed  painted  in  open  haartli  tteel,  DoppeF-bearins  iteel  or  pure  iron. 

Another  type  ol  lath  manufactured  by  tbe  Truaaed  Concrete  Sleel  Companyii  known  ta"B"  Hb  loM,  wUch 
ta  nry  aimilar  to  tbe  lUndard  lath,  but  lomawhat  lichter,  and  with  a  Ereater  aipannoo,  made  in  ibeeta  3E  X  » 
in.,  pM^ed  in  bundlea  contaioini  10  glieeti,  or  18K  yd.  Rib  lath  No.  I-B  (rade  wtdfh*  2.28  lb.  per  aq.  yd.;  rib 
Utb  No.  2-B  crade  weifha  2.85  lb.  per  aq.  yd.,  and  rib  lath  No.  1-B  srade  weighi  3.43  lb.  per  sq.  yd. 

Tfane-dihthii  inch  Hy-Sib  (3ii  Rib)  ii  manufaetuied  in  ibeels  20  io.  wide  and  in  lenitha  of  B,  B,  10  and  12  ft, 
or  iotarmediate  lanfthi  can  b«  furalabed  (aee  Ait.  130a  and  Fig.  30,  p.  072).     It  ia  auppliwl  paiuted  In  opao  baaith 


i£ccc^cccf 


M€<^<«^ 


C^^^^lC£££ 


Fia.  11. — Standard  rib  lath.  FtO.  19.— Type  A  riblatb. 

Bteel.  ooppet-bearinc  aMel,  or  pure  iron.  No.  2B  gage  wdiha  3.ET  lb.  per  iq.  yd.;  No.  36  (aie  wdgha  4.3S  lb.  par 
aq.  yd.;  uid  No.  24  cage  weigha  S.T2  lb.  per  >q.  yd. 

The  CorrugaMd  Bar  Co..  Bulfalo,  N.  V.,  manutaoturea  "C«T-tf«A"  (oM  (Fig.  31.  p.  072}  whlob  hMriba  Ka 
in.  high,  apaoed  3  in.  c.  to  c.  Tlie  ibeeta  are  IS  in.  wide  and  are  carried  in  atoek  lor  prompt  atiipment  In  both 
painted  maUrial  and  manufactured  fioni  galvaalied  aheeta  of  No.  24,  No.  2fl,  and  No.  2S  gagca.  In  6,  8.  and  13-ft. 
lengtha.  Intermediate  and  ahort«r  lengths  are  cut  without  additional  charge,  but  any  leaulting  waate  la  charged 
to  purahaaer.  Corr-Meah  lath  can  alao  be  funiiahed  manufiotured  from  No,  2b  and  No.  27  gagea,  and  in  apadal 
langtha.  aubieet  to  tbe  uaual  delay  depending  on  mill  abipment  of  tbe  aheeta.  Corr-Meah  lath  la  ahippad  in  quan- 
titiea  of  even  bundlea  of  12  aheeta  of  the  aame  length. 

Io  ordering  make  no  atlowanoe  for  aids  laps.  For  cetlinga.  partitiona.  and  interior  furring,  end  lapa  an  atac- 
(cred  and,  if  work  ia  properly  laid  out,  24n.  end  lapa  are  suffident.  For  eiterior  stuoeo  eonatruDtlon,  whan  liba 
act  aa  temperature  rejoloreement.  end  laps  should  stagger  and  ht  not  lea*  than  B  Id. 

The  Penn  Metal  Company.  Boatou,  Maaa.,  manutieturea  "/'men"  ((rods-mart)  rObsd  lath. 

Qage  SiM  ol  sheets  Weight  IMI  aq.  yd. 

A-28 18  X  09  in.  4M  lb, 

A-24 18  X  9a  in.  1      lb. 

B-37 IS  xsein.  aw  lb. 

U.  S.  Standard  gage.  Made  in  steel,  painted  or  aalvanised;  also  "Hampton"  ruit-^eaistina  mat«L  Whan 
furniahad  galvanised,  add  H  lb.  (approximately)  prr  sq.  yd.  to  above  w^hta. 

Corrngated  Lath 

Sykea  Metal  Lath  A  Roofing  Company,  Wamn,  Ohio,  makes  the  Stkn  upsadsd  cup  loU,  selMutriog,  (ur- 
Biahed  with  an  anti-rust  coating,  palnled  black  or  galvaniaed.  Sheeta  IB  X  96  in.,  packed  in  bundlM  of  IS  aheela, 
soatainini  20  aq.  yd.  No.  27  gage  weigha  2.8  lb.  per  sq.  yd.;  No.  26  gage  welsbs  3.0  lb.  per  sq.  yd.;  and  No,  M 
figs  wai«ha  3.7  lb.  per  aq.  yd. 
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The  Qarry  Iton  A  Steel  CompBoy,  Nilee.  Obla,  tnsliMthe  "CIneland"  InlA.  wbichigaeominleddUinoDdmcab 
mull  in  two  crndeg.  "  A"  and  "B."  Either  (nde  may  be  hkd  punted  oi  (alvmiiied.  In  eBtirnktiOB  add  H  lb. 
par  iq.  yd.  lot  gilvuiiiinc. 

Q&ce  Bba  of  iheeU  Weight  p«  iq.  yd.  Bbseti  to  bundla  Y>rdi  to  bundle 

NO.A-Z7 leHxaSin.  SH  lb.  IB  72 

No.A-24 tSHxeaiji.  i      lb.  18  22 

No.  B-3T IS      X»6iD.  Z^lb.  Ifi  30 

No.  B-24 IS      X9ein.  3H  lb.  IG  20 

The  North  W«t«in  Expanded  Metitl  CompsDy,  Chicago,  m..  ii  the  muiiifacturer  ot  "Knt-Pvr"  toU,  bnvinc 
eoRUiatioDB  mnDins  obliquely  Kcro«  the  iheela  at  the  ume  uile  u  the  atraDcl  o[  the  raeih.  Thia  oomiaatiaa 
or  "truss"  (iveg  the  lath  greater  rigidity.  The  corrugation  acta  h  a  furriug  strip,  therefore  this  lath  is  sBlf-fulring. 
Furnished  painted  or  gslvshiied. 

Gage  Sise  ot  sheets  Weight  per  sq.  yd.         Sheets  per  bundle         Weight  per  bundle 

K0.2S 19HX9ein.  Z.4    lb.  9  31.Z1b. 

No.  3* 20H  X  M  in.  3 .08  lb.  S  < .  2  lb. 

84b.  Integral  Lath. — Reinforced  or  etiffened,  combioing  the  functions  of  lath  and 
studding,  la  a  ribbed  expanded  metal  reinforcement  used  for  the  construction  of  concrete 
roofs,  walls,  partitions,  ceilings,  etc.  For  roofs  and  floora  it  acts  as  both  form  and  reinforce- 
ment. For  walls  and  partitions  it  combines  the  functions  of  lath  and  studding.  Forceilings  it 
is  a  one-piece  lath  and  furring. 


Fio.  13— Trass  metal  lath.  Fio.   H.— "Tnisdl". 

Sheet  is  not  expanded.  It  is  a  fabric  having  the  same  functions  as  one  stiffened,  in  which 
the  openings  between  the  riba  are  made  by  punching  or  perforating  the  sheet  rather  than 
expanding  it  laterally. 

The  American  Rolling  Mill  Company.  Middletowa.  Ohio,  mekei  Irui  mtloJ  lolA  (Pig.  13).  Stock  aise aheata 
2B  X  SSin.  equal  to  ITH  aq-  ft.  Packed  in  crates  containini  350  sq.  ft.  Spedal  siie  sheets  are  funushed  whea 
darirwi.     No.  2S  gage  weighs  80  lb.  per  100  sq.  ft.  and  No.  28  gsge  weighs  BS.T  lb.  per  100  sq.  ft.     Furniafaed  In 

The  Genersl  Fireproofing  Company,  Youngstowo.  Ohio,  makrt  Selt-Senterine  (see  Art.  130c,  and  Fig.  33  p.  073). 

Thia  eompany  ako  makes  a  fabric  known  aa  "  Trwnl"  in  ibeela  (Fig.  14).  the  standard  uie  o(  whieh  it 
lex  Be  in.  Also  carried  in  stock  lengths  of  8.  10.  and  12  ft.  as  well  as  Sit.  4-in.  lengths  in  No.  27  gage.  Paekad 
10  ebaata  to  a  bundle. 

Oage  Weight  painted  Weight  galvanised 

No.  37 0.671b.  0.88  lb. 

No.  38 0, 62  lb.  Not  made 

No.  2* O.S31b.  0.88  lb. 

The  North  Western  Expanded  Metal  Company,  Chicago.  Illinois,  is  a  manufacturer  □[  "  CAsniutalh "  (ea* 
Art.  I30d  and  Fig.  33.  p.  673). 

The  Trussed  Concrete  Steel  Company,  Youngstown,  Ohio,  is  the  msnufscturer  of  "  Hu-Rib,"  ol  which  (here 
ara  three  types  (see  Art.  13Ua.  and  Fig.  30.  p.  972). 

The  Corrugated  Bar  Company,  Buffalo.  N.  Y..  manufacturee  "Cort-Mesh,"  a  material  with  longiludinal  riba 
coBDOCtad  by  diamond-ahaped  eipandcd  metal  meab  (aee  Art.  130b  and  Fig.  31,  p.  e72). 

The  Berger  Minufacturing  Company,  Canton,  Ohio,  ia  a  manufaeturar  ot  Rib  Tn—t,  whloh  is  made  In  nldtha 
of  21  in.,  and  in  atoi^  lengtha  of  4,  C.  6,  8,  10  and  13  ft. 
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Ox* 

Wdihtl»r«l.yd. 

IH-ia-  rib 

M-in.  rib 

t-in.  rib 

raib. 

81  lb. 
114  1b. 

78  lb, 
SB  lb. 

125  tb. 

B3lb. 

SSIb. 
100  lb. 
1331b. 

Giice  Wd«bt  per  ihwt 

No.  24 15        lb. 

No,  26 12        lb. 


Tba  Pinn  Metal  Camptny,  Botton.  Mus.,  u  ■  mtuiufutuKt  o(  " 
)  ouds  in  two  typd. 

Heicbt  of  rib  Digtanct 

StrkE 'Hgln. 

StylaQ »M»in. 


■'  (iradf-mnrt}  " Sib-CenlarinQ"  (Fi«. 

o[  ribe  Width 

2a  in. 
24  in. 


Stock  ■!»  or  aheeU.  e.  S,  10  and  12  ft..  Cao  make  intermediate  aiiei  to  order  (without  eitr 
itaal.  painted  or  galrauHd;  alao  "  Hsmpton"  rmt-resialjiig  metal.  Also  [urnished  curved  to  any  n 
teriag  arched  floors,  elo.  No  allowanee  need  ba  made  for  lid*  lapg.  End  lapa,  over  lupporta.  *hi 
otherwije  fl  to  S  in.  aecording  to  soiutructioD. 


Made  in 
d  be  2  in.. 


He.  Sheet  Lath.— The  American  R<dlin(  MHI  Companr,  Middletown,  Ohio,  ia  the  manufacturer 
of  CHnehtr  lath,  which  is  made  in  aheeta  13^  X  M  in.  or  1  iq.  yd.,  packed  10  aheeta  to  the  buodle,  and  750 
buDdka  to  the  car.     It  ig  madto  o[  No.  2S  gage  ateel  or  Artoco  iron,  and  *cigba  *H  lb.  to  Che  aq.  yd. 

The  Boetvick  Steel  Lath  Compaoy.  Nile*,  Ohio,  la  the  maoulaeturer  ol "  Tmu-Levp"  lath.     The  meUl  re- 
aultinc  from  the  perforation   of  the  lath  ia  folded  back  Into  a  loop  or  reinforcement.     Thla  lath  ii  furnlalied 


painted"  unle«i 

thermae  apecified. 

Kaeawklth. 
in. 

Length. 
in. 

Foroenten, 

Sheet,  per 
bundle 

Yard,  per 

bundle 

Weight  p«. 
bundle,  lb. 

WW 

96 

le  and  12 
20  and  IS 
34  and  IS 

10 
10 

10 
I7M 

BO 

M 

Special  No 

S4XXX 

ia>i 

80 

,0 

.0 

"      . 
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The  General  Fireproofing  Company,  Younsstown,  Ohio,  makes  "Qenfire"  theet  steel  lath  weighing  4H  lb. 
per  sq.  yd.,  and  packed  10  sheets  to  the  bundle.  It  is  always  furnished  painted  unless  otherwise  specified.  Sheets 
13H  X  96  in.  equal  to  1  sq.  yd.     Sheets  24  X  96  in.  equal  to  1^  sq.  yd. 

The  Penh  Metal  Company,  Boston,  Mass.,  manufactures  Penco  {jtnide  mark)  theet  lath  (Fig.  16). 


Sise  of  sheet 
24  X  96  in. 


Sheets  in  bundle 
10 


Yards  in  bundle 
15H 


Weight  per  sq.  yd. 
4>i 


Furnished  in  steel,  painted  or  galvanized;  also  "Hampton"  rust-resisting  steel. 

The  Sykes  Metal  Lath  A  Roofing  Company,  Warren,  Ohio,  makes  the  Sykea  trough  aheet  lath,  either  with  anti- 
rust  coating  or  painted,  weighing  5  lb.  per  sq.  yd. 


Size  of  sheets 

Sheets  to  bundle 

Yards  to  bundle 

13>i  X  96 
18H  X  96 
23>i  X  96 

10 
0 
9 

10 

12H 

15H 

84{i.  Wire  Lath. — Woven  wire  lath  is  manufactured  by  the  Clinton  Wire  Cloth 
Company  of  Clinton,  Mass.,  Bufifalo  Wire  Works  Company,  Buffalo,  N.  Y.,  and  RoebUng's 
Sons  Company,  Trenton,  N.  J.,  and  is  furnished  with  or  without  stiflfeners  which  are  either  rods 
or  V-shaped  ribs  running  through  the  wire  mesh  to  reinforce  and  stiffen  it.  It  is  supplied 
painted  or  galvanized  after  weaving. 

The  following  weights,  published  by  one  of  the  manufacturers,  may  be  taken  as  typical: 


1 

!         Painted  per  sq.  yd.. 
Description                                                              lb. 

Galvanised  per  sq.  yd., 
lb. 

No.  18  sase.  with  stiffener 

4.05 

3.225 

3.33 

5.250 
4.050 
4.350 
3.150 
3.750 
2.475 
3.330 
2.100 

No.  18  saflte.  without  stiffener 

No.  19  gage,  with  stiffener 

No.  19  gage,  without  stiffener 

2.475 
2.700 
1.817 
2.400 
1.500 

No.  20  saire.  with  stiffener 

No.  20  ffaire.  without  stiffener 

No.  21  sase.  with  stiffener 

No.  21  Ease,  without  stiffener 

86.  General  Uses. — Metal  lath  is  used  for  lathing  ceilings,  walls,  and  partitions  of  wood- 
joisted  and  studded  buildings;  for  suspended  ceilings,  solid  partitions,  hollow  partitions,  and 
ornamental  plastering  in  the  fire-resistive  type  of  buildings;  and  as  a  base  for  exterior  stucco  on 
houses,  barns,  garages,  and  other  types  of  frame  buildings.  Integral  lath  may  be  used  as  a  form 
and  reinforcement  for  light  floor  and  roof  slabs,  as  may  also  other  special  types  of  lath 
made  by  different  manufacturers.  Metal  lath  has  developed  from  a  specialty  in  fireproof  con- 
struction to  a  staple  base  for  plastering  in  every  type  of  building.  Fabrics  expanded  from  heav- 
ier sheets  of  metal  are  largely  used  for  reinforcing  floors,  walls,  roads,  pavements,  etc. 

WTien  used  against  masonry  walls,  metal  lath  is  applied  either  to  wood  furring  strips,  or 
to  furring  consisting  of  He-iJ^*  pencil  rods  or  J^-in.  crimped  furring,  so  as  to  insure  a  "key" 
for  the  plaster  and  provide  the  requisite  air  space.  WTien  the  integral  type  is  used,  furring  is 
not  required,  as  the  ribs  act  as  furring. 

When  expanded  metal  lath  is  used  for  solid  partitions,  suitable  small  structural  steel  mem- 
bers, usually  ?i  or  1-in.  channels  are  used  as  studs.  The  integral  type  of  lath  with  ribs  ?i  in. 
or  more  deep  may  be  used  without  studs. 

When  metal  lath  is  used  on  suspended  ceilings  and  for  ornamental  plastering  work,  a  sup- 
porting structural  frame  of  fiats,  angles,  and  channels  should  be  specifically  called  for.  Where 
integral  lath  is  used,  the  auxiliary  channels  for  support  may  be  omitted  as  the  ribs  support  and 
stiffen  the  lath  so  that  it  may  be  attached  directly  to  the  flats  or  angles. 
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All  furring  for  suspended  or  dipped  oeilingB  shall  be  of  sufficient  weight  and  strength  to  support  the  load 
imposed  and  shall  consist  of  at  least  ^-m.  channels  or  their  equivalent  for  spans  up  to  6  ft.,  and  not  lighter  than 
1  X  H  X  H-iQ-  channels  or  other  approved  sections  of  equivalent  strength  for  spans  up  to  7  ft.  The  spacing 
of  furring  bars  shall  correspond  with  the  tsrpe  of  lath  used.  For  spans  over  7  ft.,  the  sectional  area  and  the  strength 
of  furring  bars  shall  be  increased  proportionately  or  intermediate  supports  shall  be  provided,  of  hangers  or  clips 
securely  fastened  to  the  bottom  flanges  of  steel  beams  or  anchored  to  the  arch  construction  above.  All  supporting 
clips  used  for  the  purpose  of  receiving  and  supporting  the  furring  bars  for  ceilings  shall  be  made  from  stock  weighing 
not  less  than  0.4  lb.  per  lin.  ft.  and  of  sufficient  strength  to  sustain  the  dead  load  imposed. 

Cross  furred  and  suspended  ceilings  shall  be  constructed  of  continuous  running  bars  equivalent  in  strength 
and  sectional  area  to  a  1>$  X  IM  X  Me-in.  angle  suspended  by  hangers  from  the  lower  flanges  of  the  structural 
steel  framing.  The  cross-furring  shall  be  securely  bolted  or  clipped  to  or  passed  through  the  running  bars.  If 
"  hairpin  "  clips  are  used,  they  shall  be  of  not  less  than  No.  0  annealed  and  galvanised  wire  and  shall  pass  up  on  both 
sides  of  the  furring  bar  and  be  securely  hooked  over  the  running  bar.  The  hangers  shall  be  of  not  less  than  1  X 
^^An.  flats,  clamped  to  both  sides  of  the  steel  beams. 

Clipped  ceilings  shall  be  not  more  than  4  in.  below  the  steel  beams. 

Bolts  used  for  attaching  running  bars  to  hangers  shall  be  not  less  than  H  i^*  in  diameter  and  for  attaching  fur- 
ring irons  to  running  bars  not  less  than  yi-in.  bolts  shall  be  used. 

In  the  case  of  heavy  ornamental  ceiling  work,  special  provision  shall  be  made  to  sustain  the  load. 

All  expanded  metal  and  sheet  metal  shall  be  not  lighter  than  No.  27  U.  S.  gage  galvanised,  painted  with  an 
asphaltum  compound  or  japanned.  All  wire  lath  shall  be  not  lighter  than  No.  20  U.  S.  gage  galvanised,  painted 
with  an  asphaltum  compound,  or  japanned. 

For  illustrated  details  for  the  construction  of  suspended  ceilings  see  the  Metal  Lath  Hand- 
book published  by  the  Associated  Metal  Lath  Manufacturers. 

86.  Weight  and  Gage. — It  is  recommended  that  metal  lath  be  specified  by  weight  as  well 
as  by  gage.  The  manufacturers  are  standardizing  metal  lath  at  the  following  weights  for  the 
gages  given: 

24  gage 3 . 4  lb.  per  sq.  yd. 

25  gage 3      lb.  per  sq.  yd. 

26  gage 2 , 5  lb.  per  sq.  yd. 

27  gage 2. 3  lb.  per  sq.  yd. 


CEMENT 

Bt  George  A.  Hool 

Cementing  materials  used  in  structural  work  may  be  divided  into  two  main  classes — non- 
hydraulic  and  hydraulic.  Non-hydraulic  cements,  as  the  name  implies,  will  not  set  and  harden 
under  water;  while  hydraulic  cements  will  harden  in  either  water  or  air.  Following  is  a  list 
of  the  structural  cements  of  commercial  importance: 

Non-hydraulic      /  GyPsum  plasters 

I  Common  lime 
'  Hydraulic  lime 

(Orappier  cement^  a  by-product) 
Puzzolan  cement 
Natural  cement 
Portland  cement 

(Adulterated  or  modified  Portland  cement) 

Gypsum  plasters  and  common  lime  are  treated  in  preceding  chapters.  This  chaptei' treats 
of  hydraulic  cements  only. 

87.  Hydraulic  Lime. — Hydraulic  lime  is  made  by  burning  argillaceous  or  silicious  limestone 
at  a  temperature  not  less  than  1000**C.  When  showered  with  water  the  product  slakes  com- 
pletely or  partially  without  sensibly  increasing  in  volume,  and  possesses  hydraulic  properties 
due  to  the  combination  of  calcium  with  silica  contained  in  the  limestone  as  an  impurity,  forming 
calcium  silicate.  It  is  the  universal  practice  to  slake  the  lime  at  the  place  of  manufacture  on 
account  of  the  better  results  obtained. 


Hydraulic 
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Orappier  cement  is  a  by-product  in  the  manufacture  of  hydraulic  lime,  produced  by  grinding  the  lumpe  of 
underburned  and  overbumed  material  which  do  not  slake.  As  might  be  inferred,  grappier  cement  possesses  proper- 
ties similar  to  those  of  hydraulic  lime. 

Hydraulic  lime  is  not  manufactured  in  the  United  States  on  account  of  the  abundance  of  raw  materials  suitable 
for  the  manufacture  of  Portland  cement,  with  which  hydraidio  lime  cannot  compete  as  a  structural  material. 
A  number  of  hydraulic  limes  and  grappier  cements  are  marketed  as  "  non-staining  cements " — that  is,  they  do 
not  stain  masonry.  For  this  reason  a  considerable  amount  of  this  cementing  material  is  annually  imported  from 
Europe  for  purposes  of  architectural  decoration. 

88.  Puzzolan  or  Slag  Cement. — Puzzolan  cement  is  made  by  incorporating  hydrated 
lime  with  a  siLicious  material,  such  as  granulated  blast-furnace  slag,  of  suitable  fineness  and 
chemical  composition.  In  Europe  a  natural  puzzolanic  material,  such  as  volcanic  ash,  is  used 
at  some  plants  in  place  of  the  blast-furnace  slag. 

Although  this  type  of  cement  possesses  hydraulic  properties,  it  should  not  be  confused  with  slag  Portland 
cement  (sometimes  called  steel  Portland  Cement)  which  is  produced  by  calcining  finely  divided  slag  and  lime  in  a 
Idln  and  pulverizing  the  r^ulting  clinker. 

Pusaolan  cement  is  not  strong  or  reliable  as  either  natural  or  Portland  cement  and  should  be  used  only  in 
unimportant  structures  or  in  unexposed  work,  such  as  foundations,  where  weight  and  bulk  are  more  important 
than  strength. 

89.  Natural  Cement. — Natural  cement,  as  its  name  implies,  is  made  from  rock  as  it  occurs 
in  nature.  This  rock  is  an  argillaceous  (clayey)  limestone,  or  other  suitable  natural  rock,  and 
it  is  burned  at  a  temperature  of  from  900  to  1300°C.,  the  clinker  being  then  finely  pulverized. 
The  product  does  not  slake,  but  possesses  strong  hydraulic  properties,  calcium  silicate  being 
formed  and  acquiring  strength  and  rigidity  through  crystallization. 

Natural  cement  is  adapted  to  many  uses,  but  its  relatively  low  strength  and  slow  hardening  limit  its  field 
to  structures  where  high  stresses  will  not  be  imposed  for  several  months  after  placing  the  concrete,  as  in  large  or 
massive  structures  where  weight  and  mass  are  more  essential  than  early  strength — that  is.  in  such  structures  as 
dams,  abutments,  foundations,  and  many  underground  structures.  Mortar  made  with  natural  cement  (either  alone 
or  mixed  with  lime  mortar)  is  excellent  for  laying  ordinary  brick  and  stone  masonry. 

90.  Portland  Cement. — Portland  cement  is  made  by  finely  pulverizing  the  clinker  produced 
by  burning  a  definite  artificial  mixture  of  silicious  (containing  silica),  argillaceous  (containing 
alumina),  and  calcareous  (containing  lime)  materials  to  a  point  somewhat  beyond  where  they 
begin  to  fuse  or  melt.  The  product  is  one  that  does  not  slake  and  possesses  strong  hydraulic 
properties.  The  essential  components  of  Portland  cement — namely:  silica,  alimiina,  and  lime — 
are  obtained  from  many  different  sources,  but  the  proportions  used  of  the  raw  materials  are 
always  such  that  the  chemical  composition  of  the  different  Portland  cements  is  constant  within 
narrow  limits.     The  percentages  of  the  principal  components  range  about  as  follows: 


SiOs 

% 

AhOs 

% 

FeaOi 

% 

CaO 

% 

MgO 

% 

10  to  25 

5  to  9 

2  to  4 

60  to  64 

1.0  to  2.5 

[Small  amounts  of  alkalies  (K2O  and  Na^O)  and  sulphur  trioxide  (SO3)  are  also  present.  Mag- 
nesia (MgO)  is  considered  by  some  as  an  impurity,  while  other  investigators  claim  it  is  equivalent 
to  lime  (CaO)  in  its  action.  Alumina  (AlsOs)  and  iron  oxide  (FcsOs)  do  not  act  entirely  alike 
but  are  usually  considered  to  have  the  same  functions.]  The  specific  gravity  of  Portland 
cements  range  from  3.1  to  3.20,  with  an  average  of  3.15. 

Portland  cement  is  by  far  the  most  important  cementing  material  used  in  modern  engineering  construction. 
It  is  adapted  for  use  in  concrete  and  mortar  for  all  types  of  structures  where  strength  is  of  special  importance,  or  in 
structures  exposed  to  wear  or  to  the  elements.  It  should  invariably  be  employed  in  reinf  orced-concrete  construction 
because  of  its  high  early  strength  and  generally  uniform  quality. 

A  number  of  special  cements  employing  Portland  cement  as  a  base  are  made  by  grinding  in  adulterating 
materials  after  calcination.  These  adiilterants  include  clay,  slaked  lime,  sand,  slag,  natural  cement,  limestones,  and 
natural  pussolanic  material  or  tufa.  The  action  of  these  materials  is  essentially  to  promote  combination  between 
lime  from  the  cement  and  silica  from  the  adiilterant,  with  formation  of  silicate  of  lime.  In  some  cases  these  silicious 
adulterants  improve  the  quality  of  concrete  made  from  such  cements,  but  this  result  cannot  be  expected  from  aQ 
forms  of  adulteration. 
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Sand  and  piutsolanic  material  have  perhaps  been  used  the  most  extensively  and  aucceesfully  of  any  of  the 
adulterants,  producing  products  known  as  sand  cement  and  tufa  cement  respectively.  These  cements  have  been 
used  principally  on  large  work  where  freight  rates  are  high  and  long  wagon  hauls  combine  to  make  the  cost  of 
undiluted  Portland  cement  excessive.  Cement  specifications  in  common  use  are  of  a  character  to  exclude  any  grind- 
ing in  of  materials  after  calcination,  presumably  on  the  ground  that  specifications  permitting  any  adiilteration 
would  be  subject  to  abuse  so  that  the  results  obtained  woiild  be  uncertain. 

91.  Setting  and  Hardening  of  Portland  Cement' — The  setting  and  hardening  of  Portland 
cement  is  caused  principally  by  hydration  in  the  order  named  of  the  three  major  constituents — 
SCaOAlsOr  SCaOSiO,,  and  2CaO-SiO,.  When  water  is  added  to  Portland  cement,  these 
constituents  form  first  amorphous  and  later  both  crystalline  and  amorphous  hydrated  materials 
which  act  much  as  does  ordinary  glue,  except  that  since  they  are  of  mineral  origin  and  largely 
insoluble,  hardening  progresses  even  under  water. 

Of  these  hydration  products,  the  compound  tri-calcium  alaminate  (3CaO*AlsOs)  when  mixed  with  water  sets 
and  hardens  very  quickly;  tri-calcium  silicate  (3CaO'SiOt)  sets  and  hardens  somewhat  less  rapidly;  and  di-caldum 
silicate  (2CaO'SiOs)  reacts  slowly.  Hardening  occurs  only  after  the  lapse  of  a  long  period  of  time.  The  initial 
eet  of  cement  is  due  undoubtedly  to  the  hydration  of  3CaO*AlsOa;  the  early  hardness  and  cohouve  strength  is  due 
to  this  hydration  and  to  that  of  the  SCaO'SiOs;  while  the  gradual  increase  in  strength  is  due  to  the  further  hydration 
of  these  two  compounds  together  with  the  hydration  of  the  2CaO*Si03. 

The  compound  3CaO  'SiOt  appears  to  be  the  best  cementing  constituent  of  this  group,  as  it  is  the  only  one  of 
the  three  which  when  mixed  with  water  will  set  and  harden  within  a  reasonable  time  to  form  a  mass  which  is  com- 
parable in  hardness  and  strength  to  Portland  cement.  Although  3CaO*AlsOs  acts  and  hardens  rapidly,  it  Is 
rather  soluble  in  water  and  is  not  particularly  durable  or  strong.  The  compound  2CaO*SiOi,  however,  requires 
too  long  a  time  to  harden  to  be  in  intself  a  valuable  cementing  material. 

92.  Testing  of  Cement — For  standard  methods  of  cement  testing,  see  Proc.  A.S.T.M.,  1917. 

92a.  Sampling. — Tests  shoidd  be  conducted  only  on  representative  samples. 
For  methods  of  sampling,  see  Proc.  A.S.T.M.,  1917. 

92&.  Uniformity  in  Cement  Testing. — In  order  to  obtain  results  in  cement  testing 
which  will  be  of  the  greatest  value,  definite  and  uniform  methods  should  be  used.  Results  de- 
pend not  only  on  the  quality  of  the  cement  but  also  on  the  temperature  and  percentage  of  water 
used  in  mixing,  the  method  of  mixing  and  molding  test  specimens,  the  temperature  and  humid- 
ity of  the  air,  the  character  of  the  sand  used,  and  the  type  of  apparatus  employed. 

92c.  The  Personal  Factor. — The  personal  factor  has  considerable  effect  on  results 
obtained  in  cement  testing  and,  on  this  account,  only  experienced,  well-qualified  men  should  be 
employed  in  making  tests.  Results  by  untrained  or  careless  operators  are  really  worse  than  noth- 
ing and  may  be  positively  misleading.  The  comparative  results,  however,  by  any  one  experi- 
enced observer  are  generally  consistent  and  are  of  value.  It  is  usually  advisable  to  have  the 
testing  done  at  some  well-established  and  properly  equipped  cement-testing  laboratory. 

92(i.  Kinds  of  Tests. — The  following  cement  tests  made  regularly  are  recom- 
mended for  construction  work  of  importance  and  ftlso  in  all  cases  where  the  cement  to  be  used 
does  not  work  satisfactorily: 
Fineness. 
Time  of  setting. 
Tensile  strength  of  standard  mortar.     (Compressive  strength  of  standard  mortar  the  best 

criterion.) 
Soundness. 
On  unimportant  construction  it  is  generally  safe  to  use  a  well-known  brand  of  Portland  cement 
without  testing,  or  to  make  simply  the  test  for  soundness. 

926.  Fineness. — Fine  grinding  has  a  great  influence  on  the  properties  of  cement. 
It  increases  the  ability  of  the  cement  to  react  readily  with  water  and  enables  the  cement  particles 
to  coat  the  sand  grains  more  thoroughly.  In  other  words,  the  finer  the  cement,  all  other  condi- 
tions being  the  same,  the  stronger  will  be  the  mortar  produced  with  a  given  sand.  Not 
less  than  75  %  passing  a  200-mesh  sieve  should  be  adequate  for  most  commercial  work. 

The  fineness  of  cement  is  measured  by  determining  the  percentage  by  weight  which  will  be  retained  on  a  standard 
200-me8h  sieve.  Standard  specifications*  require  that  the  residue  shall  not  exceed  22%.  Most  mills  are  now 
equipped  to  grind  cement  to  such  a  fineness  that  even  less  than  10  %  is  retained. 

A  See  Klein  and  Phillips:  Tech.  Paper,  43,  U.  S.  Bureau  of  Standards. 

Bates  and  Klein:  Tech  Paper,  78,  U.  S.  Bureau  of  Standards. 
'  For  standard  specifications,  see  Appendix  B,  p.  1408. 
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92/.  Normal  Consistency. — Tests  for  setting,  strength,  and  soundness  are  greatly 
influenced  by  the  quantity  of  water  used  in  mixing.  In  order  to  have  all  results  comparable 
with  one  another,  a  determination  is  made  in  each  case  of  the  quantity  of  water  necessary  to  be 
added  to  a  given  weight  of  cement  to  give  a  standard  or  normal  consistency  (see  Proc.  A.S.T.M., 
1917). 

92g.  Time  of  Setting. — The  time  of  setting  of  a  cement  may  vary  within  wide 
limits  and  is  no  certain  criterion  of  quality,  but  it  is  important  in  that  it  indicates  whether  or  not 
the  cement  can  be  used  advantageously  in  ordinary  construction.  A  cement  may  set  so  quickly 
that  it  is  worthless  for  use  as  a  building  material  (since  handling  cement  after  it  commences  to 
set  weakens  it  and  causes  it  to  disintegrate),  or  it  may  set  so  slowly  that  it  will  greatly  delay  the 
progress  of  the  work. 

Age  of  cement  has  a  great  effect  upon  the  setting  time,  and  teeta  shoiild  preferably  be  made  after  delivery  of 
the  cement  on  the  work.  Most  cements  absorb  moisture  from  the  air  and  lose  some  of  their  hydraidic  property 
on  storage. 

Aside  from  the  consideration  of  age,  the  conditions  which  accelerate  setting  are:  finely  ground  and  lightly 
burned  material;  dry  atmosphere;  small  amount  of  water  used  in  gaging;  and  high  temperature  of  both  water  and 
air.  Since  the  time  of  set  is  influenced  by  so  many  factors,  tests  should  always  be  made  with  extreme  care  under 
standardised  conditions. 

There  are  two  distinct  stages  in  setting:  (1)  the  initial  set;  and  (2)  the  hard  or  final  set.  The  best  cements 
shoiild  be  slow  in  taking  the  initial  set  but  after  that  should  harden  rapidly.  Portland  cement  should  acquire  the 
initial  set  in  not  less  than  45  min.  when  the  Vicat  needle  is  used,  and  hard  set  in  not  more  than  10  hr.^  The  time  of 
initial  set  is  controlled  largely  by  the  amount  of  sulphate  (gypsum  or  pUuter  of  Paris)  which  is  added  in  making 
the  cement. 

A  cement  has  t&ken  its  initial  set  when  it  will  not  thoroughly  reunite  along  the  surfaces  of  a  break.  It  has 
taken  its  final  set  when  it  begins  to  have  appreciable  strength  and  hardness. 

92^.  Tensile  Strength. — The  object  of  testing  cement  in  tension  is  to  obtain  some 
measure  of  the  strength  of  the  material  in  actual  construction.  In  other  words,  tests  of  tensile 
strength  are  made  primarily  to  determine  whether  the  cement  will  be  likely  to  have  a  continued 
and  uniform  hardening  in  the  work,  and  whether  it  will  have  such  strength  when  placed  in 
mortar  or  concrete  that  it  can  be  depended  upon  to  withstand  the  strain  placed  upon  it. 

The  small  shapes  made  for  testing  are  called  briqueUe*  and  have  a  minimum  cross-sectional  area  of  1  sq.  in. 
— ^hat  is,  at  the  place  where  they  will  break  when  tested.  Standard  mortar  used  in  testing  is  composed  of  1  part 
cement  to  3  parts  of  standard  sand  from  Ottawa,  111. 

It  is  customary  to  store  the  briquettes,  immediately  after  making,  in  a  damp  atmosphere  for  24  hr.  They 
are  then  immersed  in  water  until  they  are  tested.  This  is  done  to  secure  uniformity  of  setting,  and  to  prevent  the 
drying  out  too  quickly  of  the  cement,  thereby  preventing  shrinkage  cracks  which  greatly  reduce  the  strength. 

Specifications  for  tensile  strength  of  cement  usually  stipulate  that  the  material  must  pass  a  minimum  strength 
requirement  at  7  and  28  days.  This  is  required  in  order  to  deteimine  the  gain  in  strength  between  different  dates 
of  testing  so  that  some  idea  may  be  obtained  of  the  ultimate  strength  which  the  cement  will  attain.  A  first-class 
cement,  when  tested,  should  give  the  values  for  tensile  strength  stated  in  the  standard  specifications.  (For  stand* 
ard  methods  of  teste,  see  A.S.T.M.,  1917.) 

92i.  Relation  between  Tensile  and  Compressive  Strength. — Since  cements  are 
rarely  depended  upon  to  withstand  tensile  stresses,  the  test  for  tensile  strength  has  undoubtedly 
become  standard  on  account  of  the  popular  belief  that  there  exists  a  more  or  less  definite  and 
constant  relation  between  the  tensile  and  compressive  strengths.  It  can  be  shown,  however, 
that  the  ratio  of  compressive  to  tensile  strength  of  cement  mixtures  is  by  no  means  constant 
at  all  ages  and  varies  greatly  with  dififerent  cements  and  with  different  mixtures.  Thus  the 
tensile  strength  cannot  usually  be  regarded  as  any  more  than  a  very  approximate  indication 
of  the  probable  compressive  strength  of  the  same  cement. 

92;.  Compressive  Strength. — Compressive  strength  of  cement  mortar  is  undoubt- 
edly a  better  criterion  by  which  to  judge  the  suitability  of  a  cement  for  use  in  construction. 
The  American  Society  for  Testing  Materials  has  tentative  specifications  and  methods  of  testa 
for  compressive  strength  of  Portland-cement  mortar*  which,  when  adopted  as  standard  by  the 
Society,  will  be  inserted  in  and  made  a  part  of  the  American  Specifications  and  Methods  of 
Tests  for  Portland  Cement. 

1  See  Standard  specifications  in  Appendix  B,  p.  1408. 

«  See  Proc.  of  the  Society,  vol.  xvi  (1016),  part  I  (pp.  690-693). 
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92k,  Soundness. — A  cement  to  be  of  value  must  be  perfectly  sound;  that  is,  it' 
must  remain  constant  in  volume  and  not  swell,  disintegrate,  or  crumble.  Excess  of  either 
lime,  magnesia,  or  sulphates  may  cause  unsoundness.  The  usual  method  of  testing  is  to  form 
a  small  pat  of  neat  cement  about  3  in.  in  diameter,  yi  in.  thick  at  the  center,  and  tapering  to  a 
thin  edge.  This  pat  should  remain  24  hr.  in  moist  air  and  5  hr.  in  an  atmosphere  of  steam  at  a 
temperature  between  98  and  lOO^C.  upon  a  suitable  support  1  in.  above  boiling  water.  To 
pass  the  soundness  test  satisfactorily,  the  pat  should  remain  firm  and  hard,  and  show  no  signs 
of  cracking,  distortion,  checking  or  disintegration.  The  steam  test  is  what  is  called  an  acceUr- 
cUed  test  and  is  for  the  purpose  of  developing  in  a  short  time  (5  hr.)  those  qualities  which  tend  to 
destroy  the  strength  and  durability  of  a  cement. 

921,  Specific  Gravity. — A  test  for  finding  the  specific  gravity  of  Portland  cement 
was  originally  considered  to  be  of  value  in  detecting  adulteration  and  underburning,  but  is  no 
longer  thought  to  be  of  much  importance  in  view  of  the  fact  that  other  tests  lead  to  more  definite 
conclusions.  One  trouble  has  been  that  specific  gravity  is  not  alone  lowered  by  the  above 
causes.  Seasoning  of  either  cement  or  cement  clinker,  for  instance,  although  known  to  be 
desirable  and  in  some  cases  absolutely  necessary,  lowers  the  specific  gravity  materially.  On  the 
other  hand,  many  underbumed  cements  show  a  specific  gravity  much  higher  than  that  set  by 
standard  specifications.  These  considerations,  together  with  the  fact  that  the  principal  adul- 
terants have  a  specific  gravity  very  near  that  of  Portland  cement,  make  it  difficult  in  the  specific 
gravity  test  to  obtain  results  from  which  accurate  conclusions  can  be  drawn.  The  test  in  any 
case  is  without  value  unless  every  precaution  is  taken  to  have  accurate  results,  as  otherwise 
only  very  large  amounts  of  adulterated  material  could  be  discovered.  When  the  specific 
gravity  of  a  cement  falls  below  3.10,  standard  specifications*  allow  a  second  test  to  be  made 
upon  an  ignited  sample — the  idea  being  that  ignition  will  lower  the  specific  gravity  of  adulter- 
ated cement.  This  second  test,  however,  is  usually  of  little  value  as  the  ignition  loss  of  most 
adulterants  is  low  and  as  the  specific  gravity  of  an  ignited  sample  of  cement  is  invariably  higher 
than  that  of  the  original  sample. 

92m.  Chemical  Analysis. — If  the  tests  of  a  cement  for  time  of  setting,  strength, 
and  soundness  seem  to  indicate  adulteration,  resort  may  be  had  to  chemical  analysis.  Such 
analysis  is  not  usually  made  in  routine  commercial  testing.  Chemical  analysis  not  only  serves 
as  a  valuable  means  of  detecting  adulteration  but  shows  the  amounts  of  magnesia  (MgO)  and 
sulphuric  anhydride  (SOs)  contained  in  the  cement.  Specifications  usually  limit  the  amount  of 
MgO  to  about  5  %  and  SOa  to  about  2  %  because  of  fear  that  more  of  these  materials  may  make 
the  cement  unsound. 

93.  Specifications  for  Cement — Standard  specifications  are  given  in  Appendix  B. 

94.  Containers  for  Cement. — Cement  may  be  obtained  in  cloth  or  paper  bags,  in  bulk,  and 
in  barrels. 

Cloth  bags  are  the  containers  most  generally  used  since  manufacturers  will  refund  the 
extra  charge  for  the  bags  when  returned  in  good  condition.  The  consumer,  however,  must 
prepay  the  freight  when  returning  the  empty  bags  to  the  mill.  The  cloth  bag  will  stand  trans- 
portation, and  its  size  and  shape  make  it  convenient  to  handle.  If  properly  cared  for,  it  may  be 
used  over  and  over  again.  Paper  bags  are  more  delicate  and  have  no  return  value.  Wooden 
barrels  are  advisable  when  the  work  is  in  a  damp  location,  as  in  marine  construction.  Bulk 
cement  requires  special  preparations  for  handling  and  storage. 

96.  Storing  of  Cement. — Cement  either  in  containers  or  in  bulk  should  be  stored  within 
a  tight,  weather-proof  building,  at  least  8  in.  away  from  the  ground  and  an  equal  distance  from 
any  wall,  so  that  free  circulation  of  air  may  be  obtained.  In  case  the  floor  of  a  storage  building 
is  laid  directly  above  the  ground,  it  would  be  well  to  give  the  cement  an  additional  8-in.  eleva- 
tion by  means  of  a  false  floor,  so  as  to  insure  ventilation  underneath.  The  cement  should 
further  be  stored  in  such  a  manner  as  to  permit  easy  access  for  proper  inspection  and  identifi- 
cation or  removal  of  each  shipment.  When  cement  is  not  mill-tested,  a  proper  period  before 
cement  is  needed  should  be  allowed  by  the  contractor  for  inspection  and  tests,  this  period  being 
determined  by  the  provisions  of  the  specifications  governing  his  contract. 

>  See  A  ppendiz  B,  p.  1408. 
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Where  cement  in  bass  is  stored  in  high  piles  for  long  periods,  there  is  often  a  slight  tendency  in  the  lower 
layers  to  harden,  caused  by  the  pressure  above;  this  is  known  as  toarehotue  aet.  Cement  in  this  condition  is  in 
every  way  fit  for  service  and  can  be  reconditioned  by  letting  each  sack  drop  on  a  solid  surface  before  using  the 
cement  contained. 

96.  Seasoning  of  Cement. — A  moderate  amount  of  seasoning  in  weather-tight  sheds  often 
improves  the  quality  of  the  cement.  Fresh  cement  contains  small  amounts  of  free  or  loosely 
combined  lime  which  does  not  slake  freely  and  causes  expansion  after  the  mass  has  set,  endanger- 
ing the  structure  in  which  it  is  used.  During  the  time  of  seasoning  such  free  lime  is  changed  first 
to  hydrate  and  then  to  carbonate  of  lime  which  does  not  swell  on  wetting.  Usually  cement  is 
seasoned  at  the  mills  before  shipping,  but,  with  the  best  mills,  the  stock  house  may  run  so  low 
in  periods  of  rush  that  a  chance  will  be  taken  on  fresh  material.  Well-seasoned  cement,  there- 
fore, may  be  lumpy,  but  the  lumps  are  easily  broken  up.  If,  however,  the  cement  has  been 
subjected  to  excessive  dampness,  or  has  been  wet,  lumps  will  be  formed  which  are  hard  and 
difficult  to  crush.  A  distinction  should  be  made,  so  that  the  latter  will  not  be  used  without 
sifting  and  rejection  of  hardened  portions. 

97.  Use  of  Bulk  Cement. — Within  the  past  few  years  considerable  cement  has  been  shipped 
in  bulk  to  cement-product  factories  and  to  construction  jobs  adjacent  to  railroad  tracks. 
Economy  has,  in  these  instances,  resulted  from  the  saving  in  labor,  and  from  the  elimination  of 
package  losses  and  expense.  There  seems  to  be  no  difficulty  in  shipping  bulk  cement  in  tight 
box  cars.     Bulk  cement  shoidd  always  be  measured  by  weight,  not  volume. 

98.  Weight  of  Cement — A  barrel  of  Portland  cement  weighs  376  lb.,  not  including  the 
barrel,  and  a  bag  of  Portland  cement  weighs  94  lb. ;  in  other  words,  there  are  4  bags  to  a  barreL 

A  barrel  of  natural  cement  varies  in  weight  according  to  the  locality  in  which  it  is  manufactured.  A  barrel  of 
Western  cement  usually  weighs  265  lb.  and  a  barrel  of  Eastern  cement  300  lb.  A  bag  of  natural  cement  is  usually 
one-third  of  a  barrel. 

A  barrel  of  puasolan  cement  is  usually  assumed  to  contain  330  lb.  net,  and  there  are  4  bags  to  the  barrel. 

A  cement  barrel  weighs  about  20  lb.  on  an  average. 


CONCRETE  AGGREGATES  AND  WATER 
By  Nathan  C.  Johnson 

99.  Definitions. — '^ Aggregates''  is  a  general  classifying  term  applied  to  those  inert  (i.e., 
chemically  inactive)  materials,  both  fine  and  coarse,  which,  when  bound  together  by  cement, 
form  the  substance  known  as  concrete.  Fine  aggregates  are  materials  such  as  natural  sand  or 
rock  screenings.  Coarse,  or  large  aggregates,  or  ballast  are  materials  such  as  natural  gravely 
crushed  rock,  or  by-product  materials  such  as  cinders  or  crushed  blast-furnace  slag. 

100.  General  Requirements. — Aggregates,  fine  and  coarse,  compose  approximately  90% 
or  more  of  the  substance  of  concrete.  From  this  it  follows  that  the  properties  of  aggregates 
must  correspond  and  be  at  least  equal  to  the  properties  desired  in  the  concrete. 

The  usual  service  requirements  are  that  aggregates  shall  be  dense,  hard,  durable,  structuraUy 
strong  and,  for  aggregates  in  concretes  exposed  to  water  action,  insoluble.  Further,  since 
concrete  is  formed  by  bonding  of  aggregates  with  cement,  they  must  permit  by  their  physical 
characteristics  (such  as  roughness)  the  adhesion  of  cement;  and  always  all  particles  must  be 
clean,  so  that  a  surface  coat  of  one  kind  or  another  may  not  prevent  physical  contact  with  cement, 
or  destroy  its  properties  through  chemical  action. 

101.  Classification  of  Aggregates. — The  usual  clajssification  of  aggregates  is  into  two  divi- 
sions, based  upon  size. 

Coarse  aggregates  are  aU  particles  of  gravel,  crushed  stone,  or  other  materials  above  3^  in. 
diameter. 

Fine  aggregates  are  all  particles  below  ^  in.  in  size.  Particles  of  such  size  are  further  di- 
vided by  defining  ''sand"  as  all  mineral  particles  from  2  mm.  to  0.5  mm.  in  diameter;  "silt," 
all  particles  from  0.5  mm.  to  0.005  mm.  in  diameter;  "clay,"  all  particles  having  a  diameter 
less  than  0.005  mm;  and  "loam"  as  a  mixture  of  any  of  the  above  finer  varieties  with  organic 
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matter — i.e.,  of  vegetable  or  animal  origin.  It  is  particularly  such  organic  matter  rather  than 
size  of  particle  which  renders  loam  unfit  for  concrete  work,  as  through  some  chemical  action 
not  yet  fully  understood,  possibly  through  formation  of  an  organic  acid,  it  injures  or  inhibits 
the  proper  action  of  cement. 

102.  Qualities  of  Fine  Aggregates — General. — When  it  is  remembered  that  the  finer  nat- 
ural materials  are  derived  from  rocks  by  disintegration  and  by  '' weathering/'  or  breaking 
down  through  frost  action,  water  and  wind  erosion,  or  kindred  agencies,  the  dififerences  in 
quality  so  often  found  in  sand  deposits,  with  possibly  the  presence  of  foreign  materials,  are  not 
surprising.  Further,  sands  necessarily  partake  of  the  qualities  of  the  rock  from  which  they 
are  derived.  Silicious  quartz  sands  are  best  for  concrete  work,  but  crushed  sands  from  any 
durable  rock  will  answer,  if  natural  sand  of  proper  quality  cannot  be  obtained. 

103.  Qualities  of  Coarse  Aggregates — General. — For  coarse  aggregates,  any  crushed  rock 
of  durable  character,  or  any  clean,  hard,  natural  gravel  not  subject  to  ready  disintegration  may 
properly  be  used.  In  general,  the  better  the  stone  or  gravel,  the  better  the  resulting  concrete. 
For  this  reason,  granite,  trap,  or  hard  limestone  are  preferred  for  large  aggregates,  but  any  rock 
will  serve  which  is  sound,  which  has  adequate  strength  and  does  not  contain  objectionable 
mineral  inclusions  liable  to  decompose,  such  as  iron  pyrites,  FeSs,  which  may  form  sulphuric 
acid  by  oxidation. 

Since  the  properties  of  any  concrete  are  so  closely  related  to  the  properties  of  its  components,  it  is  essential 
to  an  understanding  of  the  value  of  any  stone  as  an  aggregate  that  something  be  known  of  the  origin,  nature,  and 
properties  of  the  varieties  in  common  use. 

104.  Materials  Suitable  for  Coarse  Aggregates. — Roughly,  rocks  suitable  for  use  as  aggre- 
gate fall  into  three  groups.  These  are:  (1)  Granite  and  other  igneous  rocks;  (2)  sandstones 
and  other  sedimentary  rocks;  (3)  limestones  and  related  rocks.  A  fourth  division  comprises 
slates  and  shales,  but  as  these  weather  rapidly  with  formation  of  clay,  they  are  unsuited  for 
use  in  concrete. 

The  physical  character  of  a  rook  depends  upon  two  things — its  mineral  constituents  and  its  structure.  If  the 
mineral  constituents  are  themselves  durable,  but  massed  together  in  a  manner  structurally  weak,  rapid  weathering, 
with  formation  of  sand  through  liberation  of  mineral  grains,  is  to  be  expected.  Such  a  rock  would  make  a  poor 
concrete.  On  the  other  hand,  a  dense  structure  with  like  mineral  constituents  would  make  an  excellent  aggregate. 
A  dense  structure  and  weak  mineral  constituents  are  sometimes  associated,  but  Nature  has  generally  cared  for  such 
rocks  by  bringing  about  their  decomposition,  so  that  they  exist  only  as  sand. 

106.  Igneous  Rocks. — Igneous  rock  is  a  general  term  descriptive  of  all  rocks  formed  from 
molten  matter  which  has  consolidated  either  into  mineral,  or  glass,  or  both.  Among  such 
rocks  are  granite  and  trap  rock. 

106a.  Granite. — Granite  is  well  known  by  its  characteristic  appearance.  In 
structure,  it  is  a  blend  of  quartz  (crystallized  silica  dioxide),  orthoclase,  and  mica,  though  this 
latter  may  be  replaced  by  hornblende.  It  is  exceedingly  dense,  hard  and  durable,  consisting 
entirely  of  minerals  with  no  glass  or  uncrystallized  material  between  its  constituent  grains. 


Granites  possess  the  strength  and  durability  desirable  in  an  aggregate,  but  they  are  of  low  toughness.  In 
addition,  if  used  in  concretes  exposed  to  more  than  ordinary  heat,  as  in  chimneys,  there  is  a  decided  tendency 
to  disintegrate,  due  to  unequal  mineral  grain  expansions.  Granites  are  not  often  used  as  aggregate,  their  ornamen- 
tal value  precluding  less  profitable  use. 

1056.  Trap  Rock  or  Diabase. — Trap  rock  and  fine-grained  basic  and  volcanic 
rocks  are  generally  hard,  of  high  abrasive  value  adhering  well  to  cement.  These  rocks  have  a 
closely  interlaced  mineral  structure  and  generally  good  resistance  to  stress.  Care  should  be  taken 
not  to  choose  a  trap  rock  having  a  considerable  percentage  of  iron  present  in  low  oxide  form, 
as  this  may  absorb  oxygen,  forming  a  higher  oxide,  with  expansion  and  probably  rupture. 

In  general,  trap  rock  (and  rock  of  similar  character,  in  which  class  are  included  many  of  the  "green-stones") 
makes  a  very  excellent  aggregate  although  in  some  respects  its  excellence  has  been  exaggerated.  It  has,  however, 
a  very  high  compressive  strength  and,  as  this  quality  is  very  desirable  in  concretes,  its  use  has  become  widespread. 
It  is  not  always  procurable  without  excessive  cost  but,  where  price  is  not  prohibitive,  its  use  is  advantageous. 

106.  Sedimentary  Rocks. — To  the  sedimentary  series  of  rocks  belong  all  those  solidified 
deposits  which  have  accumulated  at  the  bottom  of  bodies  of  water.     Originally,  these  mate- 
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rials  were  derived  from  the  land  surface  and  transported  to  the  sea  or  lakes,  cither  by  mechan- 
ical carriage,  or  by  solution  in  water.  Many  of  the  minerals  contained  in  sedimentary  rocks 
were  derived  directly  from  the  decay  of  igneous  or  volcanic  rocks,  although  additional  chemical 
changes  supplementing  this  more-or-less  complete  decomposition  of  the  original  minerals  may 
have  resulted  in  the  formation  of  new  minerals  found  in  the  sedimentary  series.  With  passage 
of  time  and  the  action  of  various  chemical  and  mechanical  agencies,  these  sedimentary  deposits 
solidified  into  the  stratified  rocks  of  one  kind  or  another  found  throughout  the  entire  surface  of 
the  earth. 

106a.  Sandstone. — One  of  the  most  important  of  the  sidementary  rocks  is 
sandstone.  In  structure,  it  is  natural  concrete,  composed  of  finely  divided  mineral  particles, 
cemented  together  in  more-or-less  close  relation  by  iron  or  alumina  or  by  calcium  compounds. 
The  character  of  any  sandstone  depends,  therefore,  on  the  mineral  character  of  its  component 
grains;  on  the  size  and  shape  of  these  grains;  on  their  arrangement  within  the  rock;  and  on 
the  nature  of  the  material  cementing  them  together. 

Quarts  particles  form  by  far  the  greatest  percentage  and  the  most  desirable  constituent  of  sandstone.  Feld- 
spar is  also  frequently  present,  and  occasionally,  hornblende,  chlorite,  garnet,  magnetite,  and  calcite.  In  the 
best  sandstones,  the  grains  are  arranged  uniformly  through  the  mass,  although  frequently  coarser  and  finer  particles 
are  arranged  in  layers,  giving  a  stratified  appearance  to  the  stone. 

So  far  as  its  use  in  concrete  is  concerned,  the  most  important  feature  of  a  sandstone  is  the  nature  of  the  cement- 
ing material  combining  its  constituent  grains.  ArgUlaceotu  tandaUmet  in  which  the  cementing  material  is  lime 
(usually  lime  carbonate)  may  be  crushed  with  comparative  ease,  but  they  disintegrate  rapidly  on  exposure  to 
weathering  agents,  such  as  water  or  air.  Such  stone  may  be  readily  identified  by  its  effervesoenoe  when  treated 
with  a  drop  of  hydrochloric  acid.  Sandslonea  cemerUed  by  oxide  of  iron  are  generally  red  in  color,  the  shade 
being  a  rough  indication  of  the  amount  of  iron  present.  Many  of  these  sandstones  disintegrate  very  rapidly  on 
exposure  to  the  weather,  forming  the  so-called  "rotten  stones"  so  often  found  in  gravel. 

Sandalonet  cemented  eoUljf  by  clay  should  never  be  used  in  concrete,  as  the  simple  penetration  of  moisture  is 
sufficient  to  disintegrate  them,  rendering  them  practically  valueless  as  aggregate.  A  good  accelerated  test  is  to 
boil  K~i<>'  fragments  of  the  stone  in  water.  Rapid  disintegration  indicates  a  weak  stone,  with  a  tendency  to 
weather  rapidly,  and  unsuited  for  use  as  aggregate. 

1066.  Limestone.— Limestone  is  carbonate  of  lime  deposited  on  the  floors  of 
bodies  of  water  and  subsequently  hardened  into  rock.  This  precipitation  of  lime  may  have 
been  efifected  from  the  water,  or  through  the  agency  of  animal  or  vegetable  life.  This  is  to  say, 
some  limestones  are  chemical  precipitates,  while  others  are  formed  from  the  shells  and  other 
hard  parts  of  animals,  as  well  as  from  hardened  tissues  of  certain  plants.  Such  plant  and  animal 
forms  fossilized  are  often  seen  in  limestone  fragments. 

Compact  limestone  varies  in  texture  from  coarse  to  exceedingly  fine.  It  is  only  occasionally  pure  carbonate 
of  lime,  usually  containing  greater  or  less  percentages  of  magnesia.  Either  magnesia,  limestone,  or  pure  calcio 
limestone  is  very  well  suited  for  use  as  a  concrete  aggregate.  Any  considerable  percentage  of  clay  in  limestone, 
however,  is  very  undesirable,  as  it  softens  the  rock  and  renders  it  very  liable  to  disintegration.  Limestone  is 
found  in  many  colors.     White,  gray,  yellow,  blue,  and  green  are  those  of  most  frequent  occurrence. 

In  general,  limestone  makes  a  very  good  coarse  aggregate  for  concrete.  When  crushed  to  the  finer  sises,  it 
has  a  flaky  fracture  which  renders  it  somewhat  unsuitable  for  use  as  sand  unless  it  is  rerolled.  Natural  limestone 
•ands  are  of  infrequent  occurrence,  as  limestone  is  soluble  to  as  nigh  a  percentage  as  90  %,  so  that  the  usual  weather^ 
ing  processes  result  in  solution,  rather  than  fragmentary  disintegration. 

107.  Metamorphic  Rocks. — Rocks  of  either  igneous  or  sedimentary  origin  have  often  been 
subjected  to  such  severe  treatment  in  the  long  course  of  geologic  history,  that  their  ordinary 
character  is  much  altered.  Crushing  of  the  earth's  crust,  the  weight  of  overlying  material, 
and  contact  with  hot  molten  rock  from  the  interior  are  among  the  causes  contributing  to  the 
change.     Such  rocks  are  classed  as  ''metamorphic. " 

There  are  OMiny  metamorphic  rocks,  the  whole  group  constituting  a  very  high  percentage  of  the  surface  of  the 
earth's  crust.  Some  of  them  are  of  value  as  aggregates  in  concrete;  while  others,  notably  the  slates  and  shales,  have 
a  weak  stratified  structure  and  weather  so  rapidly  that  their  value  in  concrete  is  almost  nothing. 

108.  Gravel. — Gravel  of  good  quality  makes  excellent  concrete  (see  Tech.  Paper  58, 
Bureau  of  Standards,  Washington,  D.  C).  Gravel  is  nothing  more  nor  less  than  natural  rock, 
broken  away  from  parent  ledges  and  worn  round  by  the  rolling  of  streams.  Its  natural  prop- 
erties, ther^ore,  are  identical  with  the  rock  of  which  it  once  formed  a  part.     Provided  it  hat 
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not  decayed  through  being  in  relatively  small  masses,  the  properties  natural  to  this  parent 
rock  are  to  be  expected  of  a  gravel.  The  surface  of  gravel  is  usually  very  rough;  and  from  con- 
siderations of  character  of  surface  presented  for  adhesion  of  cement,  it  should  produce  as  good 
as,  and  even  better,  concrete  than  crushed  stone.  Certainly,  there  is  no  reason  against  its  use, 
provided  it  is  clean  and  of  good  mineral  quality. 

109.  Blast-furnace  Slag. — Slag  from  blast  furnaces,  crushed  to  proper  size,  has  much  to 
recommend  it  for  mass  construction.  Slag  is  a  fairly  hard  though  very  porous  material,  of 
fairly  high  compressive  strength;  and  in  certain  localities  is  relatively  cheap  as  compared  to 
stone  of  good  qualities.  Offering  a  rough,  pitted  surface  for  the  adhesion  of  cement,  it  produces 
a  very  strong  concrete  when  of  proper  quality. 

110.  Cinders. — Furnace  cinders  as  an  aggregate  are  used  only  in  inferior  grades  of  mass 
concrete,  or  for  fireproofing.  Cinders  have  low  structural  strength,  high  porosity,  and  often- 
times as  an  added  objection,  high  sulphur  content.  In  more  than  one  instance,  sulphuric  acid 
resulting  from  sulphur  decomposition  in  cinder  concrete  floors  has  eaten  away  conduits  and 
piping,  and  has  even  attacked  reinforcing  and  structural  steel.  Cinder  concrete  is  of  value 
chiefly  because  of  its  cheapness  and  low  specific  gravity,  but  discrimination  is  required  in  its 
use. 

111.  Materials  Suitable  for  Fine  Aggregates. — All  fine  aggregates  are  essentially  rock 
fragments,  crushed  to  varying  degrees  of  fineness,  either  by  the  natural  processes  of  weathering, 
disintegration,  or  glacial  action,  or  by  man  with  his  machines.  Sand  deposits  are  masses  of 
weathered  rock  minerals,  transported,  collected,  and  sorted  by  the  age-long  action  of  streams. 

From  the  earliest  ages  the  formation  of  sand,  silt,  and  clay  has  been  going  on  through  the 
breaking  down  of  rocks.  The  changes  involved  in  these  processes  are  part  physical  and  part 
chemical.  All  changes  produced  at  or  near  the  surface  by  atmospheric  agents,  which  result 
in  more  or  less  complete  disintegration  and  decomposition,  are  classed  under  the  general  term 
of  ''  weathering."  The  action  of  physical  agents  alone,  which  results  in  the  rock  breaking  down 
into  smaller  particles  without  destroying  its  identity,  is  termed  "disintegration."  On  the 
other  hand,  the  action  of  chemical  agents  destroys  the  identity  of  many  of  the  minerals  by  the 
formation  of  new  compounds,  and  this  latter  process  is  known  as  "decomposition."  Silt 
and  clay  generally  result  from  decomposition;  and,  as  such  chemical  change  has  altered  the 
character  of  the  material  (usually  to  its  detriment  so  far  as  concrete  purposes  are  concerned), 
that  is  one  reason,  but  not  the  only  reason,  against  permitting  their  presence  in  concrete  sand. 

Because  of  its  hardness  and  resistance  to  chemical  agents,  quartz  or  silica  is,  therefore,  the 
commonest  mineral  in  sand.  Other  minerals  such  as  feldspar,  mica,  etc.,  though  originally 
present,  because  of  their  lesser  resistance,  have  been  more  readily  decomposed  by  the  action 
of  the  elements;  and  by  reason  of  their  complete  disintegration  with  resultant  fine  state  of  sub- 
division, have  been  removed  by  wind  and  water.  Quartz  crystals,  therefore,  remain  as  the 
most  evident  survivors  of  the  parent  rock  and  their  survival  is  evidence  of  their  desirable 
qualities  for  concrete. 

Ilia.  Crushed  Stone  and  Screenings. — Crushed  stone  screenings,  when  free 
from  clay,  usually  make  excellent  sand.  These  screenings  ordinarily  give  a  stronger  mortar 
than  natural  sand  but  are  likely  to  contain  an  undue  amount  of  dust,  especially  when  obtained 
from  soft  stone,  and  should  be  screened  and  washed  to  get  rid  of  the  finest  particles  before  being 
used  in  mortar  or  concrete. 

CruBhed  limestone  makes  a  concrete  of  excellent  early  strength,  provided  the  crushings  are  rerolled,  aa  lime- 
stone breaks  with  a  flat,  scaly  fracture,  giving  particles  that  are  structurally  weak  and  that  are  very  hard  to  com- 
pact in  the  manner  necessary  to  give  an  impervious  concrete.  For  work  exposed  to  water  this  point  is  of  great 
importance. 

1116.  Sea  Sand. — Sea  sand  is  usually  well  suited  for  use  as  fine  aggregate  for 
concrete,  so  far  as  structure,  mineral  composition,  and  cleanness  are  concerned.  It  id,  however, 
usually  of  such  fineness  that  its  use  is  inadvisable  if  undiluted  by  coarser  particles.  Saline 
deposits  on  the  grains,  when  derived  from  pure  sea  water,  should  not  be  of  a  nature  detrimental 
to  concrete.  It  is  unwise  to  take  such  sands  close  to  tide  limits,  as  the  newer  sands  close  to 
water,  teem  with  minute  organic  life. 
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112.  Requirements  of  Fine  Aggregate  es  to  Shape  and  Size  of  Particles. — It  is  exceedingly 
difficult  in  choosing  a  fine  aggregate  for  concrete  work  to  balance  all  considerations.  Time  is  a 
factor  of  utmost  importance  in  all  construction  operations.  Therefore,  where  delays  would  be 
entailed  by  the  selection  of  one  sand,  the  qualities  of  which  are  superior  to  those  of  another  sand 
that  is  more  readily  obtained,  it  is  more  than  probable  that  considerations  of  superior  quality 
will  have  little  weight.  It  is  unfortunately  true  that  regardless  of  all  that  has  become  known  in 
regard  to  the  importance  of  sands,  their  quality  will  be  generally  disregarded  in  favor  of  cheap- 
ness or  convenience  until  engineers  and  owners  demand  and  insist  upon  concretes  of  proper 
quality  and  refuse  payment  for  those  not  coming  up  to  the  desired  standard. 

Usual  specifications  for  concrete  sands  permit  of  little  discrimination  on  the  part  of  the 
supervising  engineer,  however  conscientious  he  may  be.  Provision  that  the  sand  shall  be  "  clean, 
sharp,  and  coarse''  means  nothing,  as  no  standards  are  defined  as  comparisons  and  the  deter- 
mination is  left  solely  to  the  judgment  of  individuals  oftentimes  quite  incompetent  and 
unskilled. 

8KarjmeM9  as  a  quality  requirement  for  sand  is  arehaie.  It  has  little  or  no  definite  meaninff;  and  rarely  are 
two  individuals  agreed  as  to  how  sharpness  shoiild  be  determined.  If  it  were  but  remembered  that  all  natural 
sands  are  water-borne  and  water-worn,  with  inevitable  rounding  of  grains,  the  fallacy  of  "sharpness,"  whatever 
its  interpretation,  as  a  standard  of  quality  in  natural  sands,  would  be  evident. 

CUannesM  in  sands  is  most  important,  for  reasons  before  given.  Not  all  dirt  or  coatings  on  sand  are  detectable, 
short  of  laboratory  procedures;  and  unfortunately,  much  sand  is  judged  as  to  cleanliness  by  rubbing  in  a  hand 
that  itself  is  usually  none  too  clean,  the  fitness  of  the  sand  being  judged  by  the  deposit  it  leaves  behind.  Judging 
a  sand  in  this  way  without  supplemental  tests  betokens  ignorance,  or  carelessness,  or  both.  Cleanness  is  a  desir- 
able quality,  but  it  should  be  judged  by  adequate  tests,  not  by  such  haphasard  methods  as  the  foregoing. 

CoarteruMa  in  sands,  as  opposed  to  excessive  fineness,  is  a  desirable  quality,  but  coarseness  alone,  especially  if 
judged  without  standards,  is  no  criterion  of  fitness  for  use  in  concrete.  Coarse  sands  have  less  surface  area  than 
Have  fine  sands  for  a  given  unit  volume,  thus  requiring  less  cement  and  being  more  readily  coated.  Such  a  re- 
quirement, if  properly  judged,  is  therefore  advantageous. 

118.  Organic  Contamination  of  Sand. — Colloidal  or  other  organic  coatings  on  sand  are 
not  difficult  of  detection  before  use.  A  good  test  method  for  this  purpose,  now  known  as  the 
Abrams- Harder  Test,  has  been  developed  at  Lewis  Institute  under  the  auspices  of  the  Associa- 
tion of  American  Portland  Cement  Manufacturers.  Briefly,  it  is  carried  out  by  digesting  a 
sample  of  sand  in  a  2  %  solution  of  caustic  soda.  The  resulting  color  of  the  fluid  is  an  approxi- 
mate indication  of  the  quantity  presence  of  organic  matter  in  any  sand.  Color  plates  and  direc- 
tions for  this  test  may  be  obtained  on  application  to  the  Portland  Cement  Association  at  its 
several  offices. 

114.  Test  for  Quality  of  Sands. — Safe  and  advantageous  procedure  in  choosing  sand  for 
concrete  is: 

1.  Determine  its  cleanness  by  shaking  a  sample  with  water  in  a  bottle;  and  also  by  the 
color  test  for  organic  impurities. 

2.  Determine  its  average  granulometric  analysis,  giving  preference  to  coarse  rather  than 
to  fine  sand. 

3.  For  the  sand  and  stone  chosen,  approximate  proportions  for  the  mix  such  as  will  give 
a  dense  mixture.     (This  is  not  always  permitted  under  the  specifications  governing  the  work.) 

4.  Check  these  proportions  (or  the  specific  proportions),  as  well  as  the  quality  of 
materials,  by  strength  or  other  tests  on  actual  samples  of  concrete. 

5.  Check  all  shipments  of  sand  with  regard  to  cleanness,  as  in  (1). 

116.  Requirements  of  Coarse  Aggregate  as  to  Shape  and  Size  of  Particles. — Since  stone 
is  one  of  the  strongest,  if  not  the  strongest  constituent  of  concrete,  the  greater  the  percentage  of 
stone  in  any  unit  volume  (i.e.,  the  nearer  concrete  actually  approaches  natural  stone  in  strength 
and  density)  the  stronger  is  the  concrete.  It  follows,  then,  other  things  being  equal,  that  the 
larger  the  quantity  of  stone,  the  stronger  will  be  the  concrete,  since  each  piece  of  stone  has 
greater  mass  density  than  would  its  components  unless  compacted  and  united  by  Nature's 
unapproachable  processes. 

There  are,  however,  certain  limitations  as  to  sise  of  stone  imposed  by  certain  classes  of  work.  In  reinforced 
work,  the  plastic  concrete  must  fit  itself  closely  around  the  reinforcing  metal,  so  that  1  to  IH  in-  u  the  greatest 
diameter  of  particle  that  experience  demonstrates  is  advisable  to  use. 

Concrete  of  this  character  obviously  requires  more  cement  than  would  concrete  using  larger  stone,  since  the 
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stone  surface  to  be  coated  is  greater.  In  mass  work,  on  the  other  hand,  cruahed  atone  of  2^  to  3  in.  diameter  may 
be  advantageously  employed,  with  less  cement  For  these  reasons,  if  for  no  others,  richer  mixtures  are  specified 
in  reinforced  work  and  leaner  mixtures  in  mass  work.  It  should  be  borne  in  mind,  however,  that  sise  of  stone  is 
not  alone  the  determining  factor  in  this  regard,  but  that  grading  of  stone  and  size  and  grading  of  sand  is  of  even  more 
importance  as  influencing  the  quantity  of  cement  required,  with  a  corresponding  effect  on  the  quality  of  concrete. 

Plums  are  large  stone,  5  in.  or  more  in  least  diameter,  thrown  into  plastic  mass  concrete,  largely  with  the 
object  of  using  taem  as  cheap  spaoe-fiJlers.  Their  use  is  also  to  be  oom^nended  for  the  reasons  before  given,  provided 
that  the  plums  themselves  are  of  the  proper  quality  of  stone  and  that  they  are  not  of  such  sise  as  to  cut  through  the 
concrete  section.  A  safe  rule  to  follow  in  the  use  of  plums  is  that  they  shall  be  of  a  maximum  sise  such  that  not  less 
than  6  in.  of  concrete  shall  intervene  between  them  and  the  forms  at  any  point.  In  using  very  large  plums,  this 
thickness  of  intervening  concrete  should  be  materially  increased. 

The  shape  of  particle  of  large  aggregates  is  of  relatively  little  importance.  Cleanliness,  grading,  and  char- 
acter of  rock  have  far  greater  influence  on  the  concrete  than  has  angularity  or  roundness  of  particle. 

116.  Impurities  in  Aggregates. — In  order  that  cement  may  adhere  to  sand  grains  and  to 
particles  of  coarse  aggregate,  each  grain  or  particle  must  bear  no  coating  such  as  woidd  prevent 
either  proper  chemical  action  between  cement  and  water,  or  a  proper  bond  between  cement  and 
aggregates. 

Clay  and  »iU  are  impurities  of  most  frequent  occurrence  in  sand  and  gravel.  Each  of  these  impurities  cause- 
injury  to  mortar  or  concrete  not  only  when  it  exists  as  a  coating  on  the  sand  or  gravel  particles,  but  is  equally  undes 
sirable  when  it  occurs  in  such  amounts,  or  so  unequally  distributed,  that  its  extremely  fine  grains  "ball  up"  and 
stick  together  when  wetted,  so  as  to  remain  in  lumps  in  the  finished  mortar  or  concrete.  If,  however,  the  particles 
of  these  impurities  are  distributed  so  that  they  do  not  bind  together  on  the  addition  of  water;  and  if  they  are  not 
contaminated  by  organic  matter,  experiments  have  shown  that  with  sand  that  is  not  too  fine,  no  serious  harm 
results  in  lean  mortars  and  concretes  from  their  presence  to  the  extent  of  from  10  to  15%.  In  fact,  either  clay  or 
silt  are  often  found  beneficial  as  they  increase  the  density  by  filling  some  of  the  voids,  thus  increasing  the  strength 
and  water-tightness  besides  making  the  mortar  or  concrete  work  smoothly.  In  rich  mortars  and  concretes  the 
density  and  consequently  the  strength  is  lowered  by  even  slight  additions  of  clay  or  silt  as  the  cement  furnishes 
all  the  fine  material  that  is  required. 

A  coatina  of  organic  matter,  such  as  loam  on  sand  grains,  appears  not  only  to  physically  prevent  the  cement  from 
adhering  but  abo  to  affect  it  chemically.  In  some  cases  a  quantity  of  organic  matter  so  small  that  it  cannot  be 
detected  bythe  eye  and  is  only  slightly  disclosed  by  chemical  tests  has  prevented  the  mortar  or  concrete  from  reach- 
ing any  appreciable  strength.  Tannic  acid,  colloidal  sewage,  manure,  sugar,  tobacco  juice  are  instances  of  organic 
contamination  destructive  to  concrete.  All  organic  contaminations  are  detectable  by  the  Abrama-Harder  Test 
before  referred  to. 

Mica  in  sand  or  stone  is  objectionable  because  of  its  low  mechanical  strength  and  its  laminated  scaly  structurs. 
Even  a  small  amount  of  this  impurity  in  sand  may  seriously  reduce  the  strength  of  a  mortar  or  concrete.  Mica 
is  especially  injurious  in  sands  for  concrete  surface  work  as  the  scaly  flakes  cause  the  surface  to  dust  and  peel. 
Mica  above  1  %  is  objectionable.  It  is  detectable  visually,  but  there  is  no  exact  method  in  use  to  determine  its 
percentage  presence. 

Mica  schist  u  totally  unfit  for  use  as  large  aggregate,  both  because  of  the  foregoing  reasons  and  also  because  of 
its  rapid  decomposition  on  exposure  to  air.     The  presence  and  character  of  this  is  detectable  by  observation. 

Iron  pi/rite»  ot  fool't  gold — a  bright,  yellow  substance  with  metallic  luster — is  chemically  iron  sulphide  (FeiS). 
This  is  a  very  common  impurity  in  stone;  and  its  undesirability  lies  in  its  ready  oxidation  in  the  presence  of  water 
with  formation  of  sulphuric  acid  (HtSO«),  which  latter  readily  attacks  the  cement  of  concrete  with  disasteroua 
consequences. 

Some  sand  deposits  also  contain  unoxidised  iron  sulphide,  though  such  deposits  are  an  exception. 

Finely  powdered  dutt  present  in  crushed  stone  screenings  causes  approximately  the  same  effect  upon  the  strength 
of  mortar  or  concrete  as  does  the  presence  of  silt  or  clay  in  like  quantities.  It  is  essential  for  the  best  work  that 
this  dust  be  removed  by  screening  and  washing,  in  the  same  manner  that  silt  u  removed  from  sand  and  gravel, 
though  it  may  later  be  used  advantageously  in  known  quantities  by  recombination. 

117.  Water. — The  water  used  in  mixing  mortar  or  concrete  should  be  free  from  oil,  acids, 
alkalies,  or  vegetable  matter,  and  should  be  of  a  quality  fit  for  drinking  purposes.  The  presence 
of  oils  is  easily  detected  by  the  characteristic  iridescent  surface  film.  Vegetable  matter  can 
sometimes  be  detected  by  observing  floating  particles,  or  by  turbidity.  Chemical  determinations 
such  as  the  Abrams-Harder  Test  are  better  and  more  certain. 

Tests  of  water  for  acidity  or  alkalinity  may  be  made  by  means  of  litmus  paper,  procured  at  any  chemist's. 
If  blue  litmus  remains  blue  on  immersing  in  the  water,  then  the  property  is  either  neutral  or  alkaline;  if  the  color 
changes  to  red,  then  the  property  is  acidie.  If  there  is  a  dangerous  amount  of  add  present,  the  change  in  color  will 
be  very  rapid.  Likewise,  if  red  litmus  changes  very  quickly  to  blue,  the  water  will  be  found  to  contain  a  dangerous 
amount  of  strong  alkali.  If  the  change  of  color  is  slow  and  faint  in  either  test,  the  indication  may  be  disregarded. 
A  adution  of  phenol-phthalein  is  a  delicate  test  for  alkalinity. 

Whanever  a  water  does  not  appear  satisfactory,  its  effeot  upon  the  strength  and  setting  qualities  of  a  cement 
ihoald  be  determined  by  direct  test  on  mixtures. 
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CONCRETE  REINFORCEMENT 
By  Gborgb  a.  Hool 

118.  Types  of  Reinforcement — The  reinforcing  steel  in  reinforced-concrete  construction 
is  mostly  in  the  form  of  rods,  or  bars,  of  round  or  square  cross-section.  These  vary  in  size  from 
K  to  ^  in.  for  light  floor  slabs,  uptolKtol>iin.asa  maximum  size  for  heavy  beams  and  col- 
umns. Both  plain  and  deformed  bars  are  used.  With  plain  bars  the  adhesion  between  steel 
and  concrete  is  depended  upon  to  furnish  the  necessary  bond  strength.  With  deformed  bars 
the  usual  adhesion  is  supplemented  by  a  mechanical  bond,  the  amount  of  this  bond  in  any  given 
case  depending  upon  the  shape  of  the  bar.  The  adhesion  of  concrete  to  flat  bars  is  less  than  for 
round  or  square  bars,  but  the  flat  deformed  bar  possesses  advantages  over  other  forms  when 
used  as  hooping  for  tanks,  pipes,  and  sewers  where  the  reduced  thickness  of  the  bar  allows  the 
concrete  section  to  have  a  greater  effective  depth  for  the  same  total  thickness  of  concrete. 

Wire  fabric  and  expanded  metal  in  various  forms  are  used  to  a  considerable  extend  in  slabs, 
pipes,  and  conduits.  These  types  of  reinforcement  are  easy  to  place  and  are  especially  well 
adapted  to  resist  temperature  cracks  and  to  prevent  cracking  of  the  concrete  from  impact  or 
shock. 

A  number  of  combinations  of  forms  are  employed  to  a  greater  or  less  extent.  These  com- 
binations are  known  as  systems, 

119.  Surface  of  Reinforcement. — A  rough  surface  on  steel  has  a  higher  bond  value  for  use 
in  concrete  than  a  smooth  surface,  consequently  a  thin  film  of  rust  on  reinforcement  should  not 

cause  its  rejection.     In  fact  in  the  case  of  cold-drawn  wire 
which  presents  a  very  smooth  surface,  a  slight  coating  of  rust 
is  a  decided  advantage.    Loose  or  scaly  rust,  however,  should 
Fio.  17. — CoId-twiBtedsqunrebar.     never  be  allowed.     Reinforcement  in  this  state  of  corrosion 

may  be  used  if  first  cleansed  with  a  stiff  wire  brush  or  given  a 
bath  of  hydrochloric  acid  solution  (consisting  of  3  parts  acid  to  1  part  water),  and  then  washed 
*  in  clean  running  water.     Oiling  and  painting  of  reinforcing  steel  should  not  be  permitted  as  its 
bonding  value  is  greatly  reduced  thereby. 

120.  Quality  of  Steel. — Authorities  differ  as  to  the  quality  of  steel  to  be  used  for  reinforce- 
ment. Mild  steel  is  the  ordinary  structural  steel  occurring  in  all  structural  shapes.  High 
steel  or  steel  of  hard  grade  has  a  greater  percentage  of  carbon  than  mild  steel  and  is  also  known  as 
high-carbon  or  high  elastic-limit  steel. 

Brittleness  ia  to  be  feared  in  high  steel,  although  this  quality  is  not  so  dangerous  when  the  metal  is  used  in 
heavy  reinforced-concrete  members — for  example,  in  heavy  beams  or  slabs — as  the  concrete  to  a  large  extent 
absorbs  the  shocks  and  protects  the  sted.     All  high  steel  should  be  carefully  inspected  and  tested  in  order  to  prevent ' 
any  brittle  or  cracked  material  from  getting  into  the  finished  work.     Steel  of  high  elastic  limit  is  seldom  employed 
where  plain  bars  are  used. 

Cold  twisting  increases  the  elastic  limit  and  ultimate  strength  of  mild-steel  bars.  The  increase,  however,  is  not 
definite,  varying  greatly  with  slight  variations  in  the  grade  of  the  rolled  steeL  A  square  twisted  bar  is  shown  in 
Fig.  17. 

121.  Working  Stresses. — The  generally  accepted  working  stress  for  mild  steel  is  16,000  Ih 
per  sq.  in.  and  18,000  to  20,000  lb.  per  sq.  in.  for  high  steel  and  cold-twisted  stpel.  A  stress  not 
greater  than  16,000  lb.  per  sq.  in.  is  recommended  by  the  Joint  Committee  for  all  grades  of  steel. 

122.  Coefficient  of  Expansion. — The  coefficient  of  expansion  of  steel  is  approximately 
0.0000065  degree  Fahrenheit. 

128.  Modulus  oi  Elasticity. — The  modulus  of  elasticity  of  all  grades  and  kinds  of  steel  is 
about  the  same  and  is  usually  taken  as  30,000,000  lb.  per  sq.  in.  in  both  tension  and  compression. 

124.  Steel  Specifications. — Specifications  of  the  Association  of  American  Steel  Manufac- 
turers and  of  the  American  Society  for  Testing  Materials,  for  concrete  reinforcement  bars  rolled 
from  billets,  are  given  in  Appendix  D, 

Reinforcing  bars  rolled  from  old  rails  are  being  used  to  a  considerable  extent  in  reinforced  concrete  work  and 
teem  to  be  giving  satisfactioii«  especially  for  unimportant  work  such  as  footings,  retaining  walls,  and  poasibly  in 
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slabs  where  the  faUure  of  one  rod  oould  not  wreck  the  ttruotuie.  Speoifioatione  of  the  above  named  aoeietiee,  for 
rail-steel  concrete  reinforcement  bars,  are  also  given  in  Appendix  D, 

126.  Factors  Affecting  Cost  of  Reinfordng  Bars. — In  order  to  insure  minimum  cost  and 
prompt  delivery  of  steel  reinforcing  bars,  the  steel  schedule  for  a  reinforced-concrete  structure 
should  call  for  bars  of  as  few  different  sizes  and  lengths  as  possible.  Bars  of  odd  16th  sizes 
are  seldom  to  be  found  in  stock  (except  the  ^^-in.  size  which  is  frequently  used  for  slab  reinforce- 
ment) and  shipments  from  the  mill  on  such  sizes  are  likely  to  be  very  slow.  Designers  shoidd 
always  bear  in  mind  this  fact  and  arrange  to  use  either  round  or  square  bars  in  M-in-  sizes. 
Wherever  possible,  steel  lengths  that  do  not  vary  greatly  on  the  schedule  should  all  be  made 
equal  since  an  order  calling  for  only  a  few  different  lengths  will  be  put  through  the  mill  much 
faster  than  one  calling  for  many  different  lengths. 

The  following  sixe  extras  for  bars  lees  than  ^^-in.  are  standard  with  all  mills  and  are  the  same  for  either  round  <v 
square  bars: 

SiZB  Extras  ron  Rounds  and  Squares  in  Cents  per  100  Lb. 

^i'in.  and  larger Base 

%  to  *  H«-in S  cts.  extra 

H  to  H«->n 10  eta.  extra 

Ke-in 20  eta.  extra 

H-in 25  cts.  extra 

Hs-in 35  cts.  extra 

^-in 50  cts.  extra 

It  should  be  noticed  that  a  higher  sixe  extra  must  be  paid  for  an  odd  16th  sise  below  ^4-in.  than  for  the  next  larger 
H-in*  si>e.  This  fact  alone  offsets  any  advantage  in  saving  steel  by  alwaj^  calling  for  the  nearest  theoretical  sise 
whether  odd  or  even. 

Where  the  character  of  the  work  requires  small  bars  a  saving  in  cost  is  obtained  by  using  round  bars  owing  to 
the  difference  in  sixe  extras  between  rounds  and  squares  of  equivalent  area. 

Lengths  less  than  5  ft.  should  be  avoided,  if  possible,  as  they  are  subject  to  the  follqwing  cutting  extras, 
whether  sheared  or  hot-eawed: 

Lengths  over  24  in.  and  lees  than  60  in 5  cts.  per  100  lb. 

Lengths  12  in.  to  24  in.  inclusive 10  cts.  per  100  lb. 

Lengths  under  12  in 15  cts.  per  100  lb. 

All  orders  calling  for  less  than  2000  lb.  of  the  same  sise  and  shape  are  subject  to  the  following  extras: 

Quantities  less  than  2000  lb.  but  not  less  than  1000  lb 15  cts.  per  100  lb. 

Quantities  less  than  1000  lb 35  cts.  per  100  lb 

126.  Deformed  Bars. — The  following  deformed  bars  are  in  common  use:^ 

126a.  Diamond  Bar  (Fig.  18). — Furnished  by  Ck>ncrete-Steel  Engineering  Co., 
New  York  City.     The  standard  sizes  are  as  follows: 

Diamond  Bars 


Sixe  in  inches 

K 

H 

He 

H 

H 

K 

K 

1 

IH 

IK 

Area  in  sauare  inches 

0.0625  0   140A 

0.10 
0.65 

0.25 
0.85 

0.30 
1.33 

0.56 
1.91 

0.76 
2.60 

1.00 
3.40 

1.26 
4.30 

1.56 
5.31 

Weight  per  foot  in  pounds 

0.213 

0.478 

Fig.  18. — Diamond  bar. 

It  should  be  noted  that  the  weights  and  areas  of  Diamond  bars  are  equal  to  those  of  plain  square 
bars  of  like  denominations. 

1  Announcement  was  made  while  this  book  was  in  press  that  deformed  bar  manufacturers  will  roll  for  stock 
the  following  sixes  only:  round  ban — Ht  Ht  H»  H*  H,  I  m.;  aquan  bart — H.  1,  IH,  IH  in-  All  other  sixes 
will  be  considered  special  (see  p.  96^. 
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126&.  Corrugated  Bars  (Fig.  19). — Furnished  by  Corrugated  Bar  Co.,  Buffalo, 
N.  Y.    The  standard  sizes  are  as  follows: 

CORBUGATED  RoUNDS 


Sixe  in  inches 

H 

H 

He 

H 

H 

« 

1 

IH 

IH 

Net  are&  in  sauare  inches 

0.11 
0.38 

0.19 
0.66 

0.25 
0.86 

0.30 
1.05 

0.44 
1.52 

0.60 
2.06 

0.78 
2.69 

0.99 
3.41 

1.22 
4.21 

Weight  per  foot  in  pounds 

Corrugated  Squares 

6ise  in  inches 

H 

H 

H 

H 

H 

H 

1 

IH 

IH 

Net  ftrea  in  square  inches 

Weiffht  Der  foot  in  pounds 

0.06 
0.22 

0.14 
0.49 

0.25 
0.86 

0.39 
1.35 

0.56 
1.94 

0.76 
2.64 

1.00 
3.43 

1.26 
4.34 

1.55 
5.35 

._.-_j       n    .ji^r    jr.. 

^^'itLttmiMtsA 


Pia.  19. — Corrugated  bars. 

128c.  Havemeyer  Bars  (Fig.  20). — Furnished  by  Concrete  Steel  Co.,  New  York 
City.    The  following  table  gives  the  weights  and  areas  of  the  standard  Havemeyer  bars: 

Havemzter  Bars 


Sise  in 
inches 

Squares 

Rounds 

Flats 

Area  in 
square 
inches 

Weight 

per  foot  in 

pounds 

Area  in 
square 
inches 

Weight 

per  foot  in 

pounds 

Sise  in 
inches 

Area  in 
square 
inches 

Weight 

per  foot  in 

pounds 

H 
He 
H 
H 
H 
H 
H 
1 

IH 
IH 

0.0625 
0.9770 
0.1406 
0.2500 
0.3906 
0.5625 
0.7656 
1.0000 
1.2656 
1.5625 

0.212 
0.332 
0.478 
0.850 
1.328 
1.913 
2.603 
3.400 
4.303 
5.312 

0.0491 

0.1104 
0.1963 
0.3068 
0.4418 
0.6013 
0.7854 
0.9940 
1.2272 

0.167 

0.375 
0.667 
1.043 
1.502 
2.044 
2.670 
3.379 
4.173 

1  XH 
1  XH 
IH  XH 
IH  X  He 

IH  X  H 
IHXH 
IHXH 
IH  X  He 
IHXH 

0.2500 
0.3750 
0.4690 
0.4688 
0.5625 
0.7500 
0.6563 
0.7656 
0.8750 

0.850 
1.280 
1.590 
1.590 
1.913 
2.550 
2.230 
2.600 
2.980 

Fia.  20. — Havemeyer  bars. 
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Special  nM»  of  1^-in.  and  l^^-in.  square  Havemeyer  ban  ean  be  rolled  by  special  arraxigement.  but  are  not 
carried  in  atock.  A  aiie  extra  of  10  cts.  applies  against  1  by  yi'\n.  and  IH  by  Hs-is-  Aftts;  all  other  sises  tabulated 
take  the  base  price. 


12W.  Rib  Bar  (Fig.  21).— Furnished  by  Trussed  Concrete  Steel  Co.,  of  Youngs- 
town  Ohio,  and  Detroit,  Mich.    The  following  sizes  are  standard: 


Rib  Bab 


Sise  in  inches 

Area  in 
square  inches 

Weight  per 
linear  foot 
in  pounds 

Sise  in 
inches 

Area  in 
square  inches 

Weight  per 
linear  foot 
in  pounds 

H 
H 

0.1406 
0.2500 
0.3906 
0.5625 

0.48 
0.86 
1.35 
1.95 

1 

IH 

0.7656 
1.0000 
1.2656 

2.65 
3.46 
4.38 

Fig.  21. — Rib  bar. 


Steel. 


1266.  Inland  Bar  (Fig.  22).— Furnished  by  Inland  Steel  Co  ,  Chicago. 
Sizes  ^  in.  to  ^  in.  inclusive  with  single  row  of  stars  on  each  side. 
Sizes  ^  in.  to  1  ^  in.  inclusive  with  double  row  of  stars  on  each  side. 
Lengths  may  be  obtained  up  to  85  ft.     Supplied  in  both  open-hearth  steel  and  rail  carbon 
I. 
Standard  sizes  are  as  follows: 


Inland  Bab 


Sise  in  inches 

H 

H 

H 

H 

yi 

1 

IH 

IH 

A  reft  in  aau&re  inches 

0.140 
0.485 

0.250 
0.862 

0.390 
1.341 

0.562 
1.932 

0.766 
2.630 

1.000 
3.434 

1.265 
4.349 

1.562 
5.365 

Weight  per  foot  in  pounds 

Rail  carbon  steel  bars  not  rolled  larger  than  1  in. 


Fio.  22.— Inland  bar. 


126/.  American  Bars  (Fig.  23). — Furnished  by  American  System  of  Reinforcing 
Chicago.    The  following  sizes  are  standard: 
01 
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American  Bars 


Sise  in  inches 

Squares 

Rounds 

Net  area  in  square 

Weight  per  foot  in 

Net  area  in  square 

Weight  per  foot  in 

inches 

pounds 

inches 

pounds 

H 

0.141 

0.48 

0.110 

0.38 

H 

0.250 

0.85 

0.196 

0.68 

H 

0.391 

1.33 

0.307 

1.05 

H 

0.563 

1.92 

0.442 

1.51 

>s 

0.766 

2.61 

0.602 

2.05 

1 

1.000 

3.40 

0.786 

2.68 

IH 

1.270 

4.31 

0.994 

3.38 

m 

1.560 

5.32 

1.230 

4.19 

Fio.  23. — American  bars. 


Many  of  the  sizes  of  reinforcing  bars  which  were  formerly  standard  and  which  were 
carried  in  stock  by  the  various  bar  companies  and  steel  merchants  are  almost  identical  in 
area.  The  labor  and  cost  of  rolling  and  carrying  these  in  stock  was  found  to  far  outweigh 
any  possible  advantage  from  a  designer's  standpoint.  For  this  reason  the  leading  companies 
dealing  in  steel  reinforcing  bars  decided  in  the  early  part  of  1920  to  limit  the  commercial 
sizes  which  they  would  regularly  carry  in  their  warehouses  to  the  ten  following: 


Area 
(sq.  in.) 

Equivalent  to 

Area 
(sq.  in.) 

Equivalent  to 

0.110 
0.196 
0.250 
6.307 
0.442 

H"  round 
H"  round 
H"  square 
H"  round 
^i"  round 

0.601 
0  785 
1.000 
1.266 
1.563 

K"  round 

1  "  round 

1  "  square 

Ihn"  square 

l^i"  square 

127.  Wire  Fabric. — This  material  is  used  to  a  considerable  extent  for  floors,  roofs,  walls, 
vaults,  pavement,  etc.,  and  has  been  found  to  possess  many  valuable  qualities.  Wire  fabric 
is  made  of  steel  wires  crossing  generally  at  right  angles  and  secured  at  the  intersections.  The 
heavier  wires  run  lengthwise  and  are  called  carrying  wires;  the  lighter  ones  cross  these  and  are 
called  distributing  or  tie  wires.  One  distinct  advantage  in  the  use  of  fabric  is  that  it  preserves 
uniform  spacing  of  the  steel. 

The  steel  wire  gage  adopted  as  standard  for  all  steel  wire  upon  recommendation  of  the 
United  States  Bureau  of  Standards  is  given  in  the  following  table: 
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Steel  Wire  Gage 


Diameter, 

Stoel  wire 

Diameter, 

Area,  square 

Pounds  per 

Pounds  per 

Feet  per 

inches 

gage> 

inches 

inches 

foot 

mile 

pound 

H 

•   •   « 

0.5000 

0.19635 

0.6668 

3.521.0 

1.500 

•  •  •  • 

7/0 

0.4900 

0.18857 

0.6404 

3,381.0 

1.562 

>Ha 

•   •   • 

0.46875 

0.17257 

0.5861 

3,094.0 

1.706 

•  •  • 

8/0 

0.4615 

0.16728 

0.5681 

2,999.0 

1.760 

H« 

•    •    • 

0.4375 

0.15033 

0.5105 

2.696.0 

1.959 

■  •  •  • 

6/0 

0.4305 

0.14556 

0.4943 

2.610.0 

2.023 

>H. 

■   •    • 

0.40625 

0.12962 

0.4402 

2.324.0 

2.272 

•  •  •  • 

4/0 

0.3938 

0.12180 

0.4136 

2.184.0 

2.418 

H 

•    •   • 

0.3750 

0.11045 

0.3751 

1,980.0 

2.666 

3/0 

0.3625 

0.10321 

0.3505 

1,851.0 

2.853 

'Hi 

•   •   • 

0.34375 

0.092806 

0.3152 

1,664.0 

3.173 

.... 

2/0 

0.3310 

0.086049 

0.2922 

1.543.0 

3.442 

H% 

0.3125 

0.076699 

0.2605 

1,375.0 

3.839 

•  •  • 

0 

0.3065 

0.073782 

0.2506 

1.323.0 

3.991 

•  •  • 

1 

0.2830 

0.062902 

0.2136 

1.128.0 

4.681 

Ht 

0.28125 

0.062126 

0.2110 

1.114.0 

4.74 

•  •  • 

2 

0.2625 

0.054119 

0.1838 

970.4 

5.441 

yi 

•    • 

0.2500 

0.049087 

0.1667 

880.2 

5.999 

3 

0.2437 

0.040645 

0.1584 

836.4 

6.313 

•  •  • 

4 

0.2253 

0.039867 

0.1354 

714.8 

7.386 

^is 

0.21875 

0.037583 

0.1276 

673.9 

7.835 

5 

0.2070 

0.033654 

0.1143 

603.4 

8.750 

•    •    < 

6 

0.1920 

0.028953 

0.09832 

519.2 

10.17 

He 

•    • 

0.1875 

0.027612 

0.09377 

495.1 

10.66 

•  ■   • 

7 

0. 1770 

0.024006 

0.08356 

441.2 

11.97 

•   •  • 

8 

0.1620 

0.020612 

0.07000 

369.6 

14.29 

Hs 

0.15625 

0.019175 

0.06512 

343.8 

15.36 

9 

0.1483 

0  017273 

0.05866 

309.7 

17.05 

H 

10 

0.1350 

0.014314 

0.04861 

256.7 

20.57 

•  ■  • 

•  • 

0.125 

0.012272 

0.04168 

220.0 

24.00 

•  •  • 

11 

0.1205 

0.011404 

0.03873 

204.5 

25.82 

•  •  ■ 

12 

0.1055 

0.0087417 

0.02969 

156.7 

33.69 

>is 

•   • 

0.09375 

0.0069029 

0.02344 

123.8 

42.66 

13 

0.0915 

0.0065755 

0.02233 

117.9 

44.78 

14 

0.0800 

0.0050266 

0.01707 

90.13 

58.58 

15 

0.0720 

0.0040715 

0.01383 

73.01 

72.32 

16 

0.0625 

0.0030680 

0.01042 

55.01 

95.98 

17 

0.0540 

0.0022902 

0.007778 

41.07 

128.60 

>  Formerly  called  the  "American  Steel  A  Wire  Co.'s  Oase.'* 

The  manner  of  securing  the  intersections  of  wire  fabric  has  given  rise  to  a  number  of  differ- 
ent types,  several  of  the  principal  ones  of  which  are  given  below. 

127a.  Welded  Wire  Fabric— Welded  wire  fabric,  Fig.  24,  manufactured  by 
the  Clinton  Wire  Cloth  Co.,  is  a  galvanized  wire  mesh  made  up  of  a  series  of  parallel  long- 
itudinal wires,  spaced  a  certain  distance  apart  and  held  at  intervals  by  means  of  transverse 
wires,  arranged  at  right  angles  to  the  longitudinal  ones,  and  welded  to  them  at  the  points  of 
intersection  by  a  patented  electrical  procefls.    LongitutdDal  wires  can  be  spaced  on  centers  of 
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2  or  more  in.,  in  steps  of  j^  in.  Transverse  wires  can  be  spaced  on  centers  of  1  to  18  in.  inclu- 
sive, in  steps  of  1  in.  and  on  centers  of  10  to  18  in.  inclusive,  in  steps  of  2  in.  The  following  table 
shows  the  sizes  and  areas  of  the  wire  used.  Rolls  kept  in  stock  vary  in  length  between  150 
and  200  ft.  and  between  56  and  100  in.  in  width.  The  wire  will  develop  an  average  ultimate 
strength  of  70,000  to  80,000  lb.  per  sq.  in. 


Fio.  24. — Welded  wire  fabric. 


Welded  Wire  Fabric 


Gage  of 

longitudinal 

wires 

Diameter  of 

longitudinal 

wires 

(inches) 

Area  of  one 

longitudinal 

wire  (square 

inches) 

Gage  of 

transverse 

wires 

Spacing  of 

transverse 

wires 

(inches) 

Area   per  foot    of  width  in  longitudinal 
wires  only 

Spacing  of  longitudinal  wires 

2  in. 

Sin. 

4  in. 

5  in. 

6  in. 

0000 

000 

00 

0 

1 
2 

8 

4 
5 

6 
7 
8 

0 
10 

0.394 
0.363 
0.331 

0.307 
0.283 
0.263 

0.244 
0.225 
0.207 

0.192 
0.177 
0.162 

0.148 
0.135 

0.122 
0.103 
0.086 

0.074 
0.063 
0.054 

0.047 
0.040 
0.034 

0.029 
0.025 
0.021 

0.017 
0.014 

3 
4 

4 

6 
6 
8 

8 
9 
9 

10 
10 
10 

11 
12 

16 
16 
16 

16 
16 
16 

16 
16 
16 

10 
16 
12 

12 
12 

0.735 
0.619 
0.516 

0.443 
0.377 
0.325 

0.280 
0.239 
0.202 

0.174 
0.148 
0.124 

0.104 
0.086 

0.490 
0.413 
0.344 

0.295 
0.252 
0.217 

0.187 
0.160 
0.135 

0.116 
0.098 
0.082 

0.069 
0.057 

0.367 
0.310 
0.258 

0.221 
0.189 
0.162 

0.140 
0.120 
0.101 

0.087 
0.074 
0.062 

0.052 
0.043 

0.294 
0.248 
0.207 

0.177 
0.151 
0.130 

0.112 
0.096 
0.081 

0.069 
0.059 
0.049 

0.041 
0.034 

0.245 
0.206 
0.172 

0.148 
0.126 
0.108 

0.093 
0.080 
0.067 

0.058 
0.049 
0.041 

0.035 
0.029 

Fio.  25. — Triangle-mesh  wire  fabric. 

127&.  Triangle-mesh  Wire  Fabric. — Triangle-mesh  steel-wire  fabric,  manu- 
factured by  the  American  Steel  &  Wire  Co.,  is  made  with  both  single  and  stranded  longitudinal 
or  tension  members.  That  with  the  single  wire  longitudinal  is  made  with  one  wire  varying  in 
flise  from  a  No.  12  gage  up  to  and  including  a  }i'in,  diameter,  and  that  with  the  stranded  longi- 
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tudinal  is  composed  of  two  or  three  wires  varying  from  No.  12  gage  up  to  and  including  No.  4 
wires  stranded  or  twisted  together  with  a  long  lay.  These  longitudinals  either  solid  or  stranded 
are  invariably  spaced  4-in.  centers,  the  sizes  being  varied  in  order  to  obtain  the  desired  cross- 
sectional  area  of  steel  per  foot  of  width  (See  Fig.  25). 

The  transverse  or  diagonal  cross  wires  are  so  woven  between  the  longitudinals  that 
triangles  are  formed  by  their  arrangement.  These  diagonal  cross  wires  are  woven  either  2  or 
4  in.  apart,  as  is  desired.  Triangle-mesh  wire  reinforcement  is  made  in  lengths  of  150,200,  and 
300  ft.  and  in  widths  from  18  to  58  in.  (4-in.  steps).  The  table  following  shows  the  number  and 
gage  of  wires  and  the  areas  per  foot  width  when  the  longitudinals  and  cross  wires  are  spaced  4 
in.  on  centers. 

Triangle-Mesh  Wire  Fabric 


Style 
number 

Number 

of  wires, 

each 

long. 

Gage  of  wire, 
each  long. 

Gage  of 
cross 
wires 

Sectional  area, 

long. 

sq.  in. 

Sectional  area, 

cross  wires, 

sq.  in. 

Cross-sectional 

area  per  foot 

width 

Approximate 

weight  per  100 

sq.  ft. 

4' 

6 

14 

0.087 

0.025 

0.102 

42 

6* 

8 

14 

0.062 

0.025 

0.077 

34 

6' 

10 

14 

0.043 

0.025 

0.058 

27 

7* 

12 

14 

0.026 

0.025 

0.041 

21 

23* 

Va 

12H 

0.147 

0.038 

0.170 

72 

24 

4 

12H 

0.119 

0.038 

0.142 

62 

25 

5 

I2\i 

0.101 

0.038 

0.124 

55 

26' 

6 

12H 

0.087 

0.038 

0.110 

60 

27* 

8 

12H 

0.06^ 

0.038 

0.085 

41 

28* 

10 

12H 

0.043 

0.038 

0.066 

34 

29* 

12 

121-^ 

0.026 

0.038 

0.049 

28 

31* 

2 

4 

I2>i 

0.238 

0.038 

0.261 

106 

32  • 

2 

5 

12H 

0.202 

0.038 

0.225 

92 

33 

2 

6 

12H 

0.174 

0.038 

0.196 

82 

34 

2 

8 

12H 

0.124 

0.038 

0.146 

63 

35 

2 

10 

12H 

0.086 

0.038 

0.109 

60 

36 

2 

12 

12H 

0.052 

0.038 

0.076 

37 

38* 

3 

4 

\2\i 

0.358 

0.038 

0.380 

161 

39 

3 

5 

12H 

0.303 

0.038 

0.325 

130 

40* 

3 

6 

12H 

0.260 

0.038 

0.283 

114 

41 

3 

8 

12H 

0.185 

0.038 

b.208 

87 

42* 

3 

10 

12>^ 

0.129 

0.038 

0.151 

66 

43 

3 

12 

12H 

0.078 

0.038 

0.101 

47 

Elastic  limit  of  regular  stock  is  from  50,000  to  60,000  lb.  per  sq.  in.    Ultimate  strength  is  86,000  lb.  per  sq. 
in.   or  over.    Higher  elastic  limits-  and  breaking  strengths  are  furnished  when 
required.    Material  may  be  obtained  either  plain  or  galvanised, 
wise  speciSed,  shipments  are  made  of  material  not  galvanised. 


Unless  other- 


127c-.  Unit    Wire    Fabric. — A     rectangular-mesh 
staple-locked   fabric    (Fig.    26)    is  furnished   by   the   American 
System  of  Reinforcing.     The  wire  used  is  of  high  tensile  steel     /^s 
and  is  secured  at  the  intersections  by  No.  14  wire.     Standard^  t 
sizes  are  shown  in  the  following  table.    The  fabric  is  galvanized 
and  comes  in  standard  widths  of  3,  4,  and  5  ft.,  200  lin.  ft.  in  a  roll. 


Fio.  26. — Unit  wire  fabric. 


*  Styles  usually  carried  in  stock. 
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win. 

-.., 

Gael  o(  sro« 
•in. 

Dutaon  DcDtsr  t-.  eeoter 

BsDtivialamiin 
aq.  ia.,  foqt 

Croa 

wire. 

wire. 

': 

10 

e 

0.023 
0.028 
0  03S 

12 

0.074 
0  12 

VXId.  Lock'WOTen  Ste«l  Fabfk. — 
Lock-woven  steel  fabric  (Fig.  27)  is  also  knowD 
aa  Page  Speciai  Process  fabric  It  is  manufac- 
tured by  the  Page  Woven  Wire  Fence  Co,,  of 
Mooessea,  Pa.  and  is  con  trolled  by  W.  W.  Wight 
A  Co.  of  New  York  City.  This  fabric  is  usually 
made  54  in.  wide  with  »;por'iiLl  iviilDis  fng^n  18  to  54 
in.  The  longitudinal  wires  are  made  by  a  special 
process  which  gives  them  an  ultimate  tensile 
strength  of  180,000  lb.  per  sq.  in.  with  an  elastic 


LocK-wovBN  Stbbl  Fabric 


Gag. 

Sparine  in  inehe. 

Ultimate 

Style 

1 

.ream  win- 

100  >q.  H. 

iAiat- 

Tran^ 

foot  width 

14P 

14 

, 

12 

0.0201 

3,621 

1104 

13P 

a 

13 

0266 

4.700 

12 

14 

3 

12 

0350 

6.300 

15 

S5 

IIP 

,1 

n 

3 

12 

04S2 

8.110 

„ 

„ 

3 

12 

0680 

63 

8P 

8 

1* 

3 

12 

I4,2B0 

34 

82 

JP 

7 

u 

3 

12 

ogs4 

17.720 

38 

48 

H 

IM 

23 

I3D 

13 

'* 

IM 

12         1         0 

0532 

9.SM 

IID 

12 

M 

IM 

12     ;     0 

0700 

12,600 

31 

70 

IIHD 

11« 

0785 

14,313 

liD 

H 

IH       1        12 

0 

00O4 

10.200 

34 

04 

9>iD 

»»i 

14 

1>>        1         12 

n 

12408 

22,4.W 

53 

43 

l>i                  12 

f 

1376 

24,7SO 

14 

IH                12 

f 

K 

64 

7D 

' 

" 

IH                  12 

" 

1908 

n.S,440 

78 

96 
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limit  of  about  70  %  of  the  ultimate.  The  material  is  galvanized  and  is  furnished  in  rolls 
of  150,  300,  450  and  600  ft.  in  length.  The  table  on  p.  966  gives  the  characteristics  of  the 
different  styles. 

127e.  Wisco  Reinforcing  Mesh. — Wisco  mesh  is  manufactured  by  the  Witherow 
Steel  Co.,  Pittsburgh,  Pa.  It  is  made  from  the  best  grade  of  open-hearth  steel  and  has  a  high 
tensile  strength.  All  longitudinals  are  spaced  3  in.  c.  to  c.  and  cross  wires  12  in.  c.  to  c.  Stand- 
ard rolls  are  150  and  300  ft.  in  length.  Width  of  rolls  are  furnished  in  any  multiple  of  3  in. 
from  18  to  45  in.     Properties  of  the  Wisco  mesh  are  given  in  the  following  table: 


Wisco  Mesh 


Style 

Sectional 

area  per 

foot  width 

Weight  per 
square  foot 

Style 

9H 
9 

8 
7 

Sectional 

area  per 

foot  width 

Weight  per 
square  foot 

Style 

Sectional 

area  per 

foot  width 

Weight  per 
square  foot 

14 
12 
11 
10 

0  020 
0.035 
0  046 
0.058 

0.110 
0.158 
0.175 
0  223 

0.062 
0.069 
0  083 
0  098 

• 

0.277 
0.286 
0.341 
0.395 

6 
29 
27 
26 

1 

0.116 
0.138 
0  197 
0.230 

0.465 
0.556 
0.775 
1.036 

FxG.  28.— Expanded  metal. 


128.  Expanded  Metal. — Expanded  metal  (Fig.  28)  is  one  of  the  oldest  forms  of  sheet  rein- 
forcement. It  is  formed  by  slitting  a  sheet  of  soft  steel  and  then  expanding  the  metal  in  a 
direction  normal  to  the  axis  of  the  sheet.  The  principal  advantages  claimed  for  this  type  of 
reinforcement  are  the  following:  (1)  An  increased  ultimate  strength  and  high  elastic  limit  for 
low-carbon  steel  when  the  diamond-shaped  meshes  are  formed  by  cold  drawing  the  metal;  (2) 
a  mechanical  bond  with  the  surrounding  concrete;  (3)  great  efficiency  in  the  carrying  of  concen- 
trated loads  due  to  the  obliquity  of  the  strands;  (4)  an  increased  ductility  because  of  the  fact 
that  the  diamonds  or  quadrilaterals  tend  to  close  under  severe  loading;  (5)  a  greater  slab  strength 
as  the  effect  of  closing  up  of  the  diamonds  is  to  introduce  a  compression  into  the  concrete  at  the 
lower  part  of  the  slab.  Expanded  metal  and  other  sheet  metal  is  made  according  to  the  U.S. 
Standard  gage  which  differs  but  slightly  from  the  Steel  Wire  gage  given  on  page  963. 

128a.  Steelcrete. — Manufactured  by  the  Consolidated  Elxpanded  Metal  Co., 
Rankin,  Pa.  The  designation  of  the  material  gives  the  width  of  the  diamond,  the  gage  of  the 
plate  and  the  cross-section  per  foot  of  width.  Size  3-9-15  means  that  it  is  a  3-in.  diamond, 
made  out  of  No.  9  plate,  having  a  sectional  area  per  foot  of  width  of  0.15  sq.  in.  All  standard 
meshes  have  a  diamond  3  by  8  in.  The  standard  sizes  and  gages  are  given  in  the  table  on 
p.  968: 


The  Consolidated  Expanded  Metal  Co.  also  makes  to  order  a  6-in.  mesh,  the  sise  of  the  diamond  being  6  by 
16  in.  The  gage  of  plate  used  is  No.  4,  or  nearly  K  in*  thick.  Any  cross-seotional  area  desired  up  to  and  including 
0.4  sq.  in.  can  be  obtained.  The  width  of  the  sheets  depend  on  the  sectional  area.  This  company  also  makes 
a  4-in.  mesh  fiom  No.  16  plate  which  is  unexpanded.  Any  length  can  be  obtained  up  to  16  ft.  The  cross-sectional 
•rea  per  foot  of  width  is  0.093  sq.  in.    Special  meshes  can  be  obtained  having  diamonds  of  H  in.*  IH  in.,  and  2  in. 
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''Stbelcretb''   Expanded  Metal 


Sise  of  mesh 

No.  of 

sheets 

in  a 

bundle 

No.  of 

sq.  ft. 

in  a 

bundle 

Designa- 
tion of 
mesh 

Width  of 
diamond 
in  inches 

Length  of 
diamond 
in  inches 

Section  in 
sq.  in.  per 
ft.  of 
width 

Wt.  per 

sq.  ft.  in 

pounds 

Sise  of 

standard 

sheeU 

Wt.  per 

bundle 

in  lb. 

3-13-075 

3 

8 

0.075 

0.27 

10 

/  6'0"  X    8'0" 
\  6'0"  X  12'0" 

480 
720 

129.6 
194.4 

3-13-10 

3 

8 

0.10 

0.37 

7 

f  6'9"  X    8'0" 
\  6'9"  X  12'0" 

378 
567 

139.9 
209.8 

3-13-125 

3 

8 

0.125 

0.46 

7 

f  6'3"  X    8'0" 
\  6'3"  X  12'0" 

294 
441 

135.2 
202.9 

3-9-16 

3 

8 

0.15 

0.65 

6 

/  7'0"  X    8'0" 
\  7'0"  X  12'0" 

280 
420 

154.0 
231.0 

3-9-20 

3 

8 

0.20 

0.73 

6 

/  5'3"  X    8'0" 
\  5'3"  X  12'0" 

210 
315 

153.3 
230.0 

3-9-25 

3 

8 

0.25 

0.92 

6 

J  4'0"  X    8'0" 
1  4'0"  X  12'0" 

160 
240 

147.2 
220.8 

3-9-30 

3 

8 

0.30 

1.10 

2 

/  7'0"  X    8'0" 
\  TO"  X  12'0" 

112 
168 

123.2 
184.8 

3-9-35 

3 

8 

0.35 

1.28 

2 

/  6'0"  X    8'0" 
1  6'0"  X  12'0" 

96 
144 

122.9 
184.3 

3-6-40 

3 

8 

0.40 

1.46 

2 

/  7'0"  X    8'0" 
\  7'0"  X  12'0" 

112 
168 

163.6 
246.3 

3-e-46 

3 

8 

0.46 

1.66 

2 

J  6'3"  X    8'0" 
\  6'3"  X  12'0" 

100 
150 

166.0 
247.6 

3-6-50 

3 

8 

0.50 

1.83 

2 

/  5'9"  X    8'0" 
1  5'9"  X  12'0" 

92 
138 

168.4 
262.6 

3-6-66 

3 

8 

0.56 

2.01 

2 

/  5'3"  X    8'0" 
\  5'3'i  X  12'0" 

84 
126 

168.8 
253.3 

3-^-60 

3 

8 

0.60 

2.19 

2 

/  4'9"  X    8'0" 
\  4'9"  X  12'0" 

76 
114 

166.4 
249.7 

1286.  Kahn  Mesh. — Manufactured  by  the  Trussed  Concrete  Steel  Co.,  of 
Youngstown,  Ohio,  and  Detroit,  Mich.  The  standard  sizes  and  gages  are  the  same  as  for 
"Steelcrete/'  The  Kahn  Mesh  may  also  be  obtained  with  larger  diamonds  for  reinforcing 
concrete  pavements.     The  sizes  of  the  Kahn  Road  Mesh  follow: 

Kahn  Road  Mesh. 


Sise  No. 

Decimal 
designation 

Sise  of  mesh 

Sectional  area 

in 
square  inches 

Width  of  diamond 
in  inches 

Length  of  diamond 
in  inches 

16 
20 
22 
26 
28 
30 
32 

6-13-042 

6-13-063 

6-13-058 

6-13-066 

fr-13-074 

fr-9-079 

fr-9-085 

6 
6 
6 
6 
6 
6 
6 

12 
12 
12 
12 
12 
12 
12 

0.042 
0.053 
0.058 
0.066 
0.074 
0.079 
0.085 

No.  of  sheets  in  bundle,  10.     Standard  width  of  sheets,  6  ft.     Standard  lengths  of  sheets,  8  ft.,  10  ft.,  i2  ft.,  or 
any  equal  divisions  of  these  lengths. 

128c.  Corr-X-Metal.— Furnished  by  the  Corrugated  Bar  Co.,  Buffalo  N.Y. 
The  weights,  sectional  areas,  and  standard  sizes  of  sheets  are  given  in  the  following  table: 
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Corb-X-Metal 


Sise  of  mesh. 

Nominal  thickness 

Approx.  weight 

Net  sec.  area  per 

style 

short  way 

of  metal 

per  sq.  ft. 

foot  of  width 

(inches) 

(gage)     , 

(pounds) 

(sq.  in.) 

F 

3 

10 

0.51 

0.150 

Q 

3 

10 

0.6 

0.176 

H 

3 

10 

0.9 

0.265 

J 

3 

10 

1.2 

0.353 

K 

3 

16 

0.278 

0.082 

L 

2>i 

16 

0.4 

0.118 

M 

2K 

12 

0.56 

0.164 

R 

IH 

12 

0.66 

0.194 

S 

H 

13 

0.84 

0.246 

Standard  Size  Sheets 


style 

Long  way  of  diamond 

Short  way  of  diamond 

F 

6',  8',  9'  and  lO'  8" 

3',  4',  5'  and  6' 

Q 

6',  8',  V  and  10'  8" 

3'.  4',  5  and  6' 

H 

6',  8',  9'  and  10*  8" 

4'       and  5'  4" 

J 

6',  8',  9'  and  10'  8" 

3',  4'.       and  6' 

K 

6'  and  8'  and  10'  8" 

3',  4',  5'  and  6' 

L 

6'  and  8'  and  10'  6" 

3',  4'.  5'  and  6' 

M 

6'  and  8'  and  10*  6" 

4'       and  5'  4" 

R 

6' 

3'.  4'.  6'  and  6' 

S 

^ 

3',  4',  6'  and  6' 

VIM.  Econo. — Furnished  by  the  North  Western  Expanded  Metal  Ck>«y  Chicago, 
111.     Standard  sizes  and  weights  are  as  follows: 

Econo  EIxpanded  Metal 


Weiftht  per 

No. 

square  foot 
(pounds) 

Mesh  and  gase 

Widths,  feet 

06-3 

0.20 

3"— 16  ga. 

3,4.6 

Sand  12 

10-3 

0.34 

3"--12  ga. 

8.4,6 

8  and  12 

15-3 

0.51 

3"— 10  ga. 

8.4.6 

8'.  10*  6"  and  12* 

16-3 

0.55 

3"— 10  ga. 

8,4.6 

8'.  10*  6"  and  12* 

20-3 

0.68 

3"— 10  ga. 

3.4.6 

8'  10'  6"  and  12" 

25-3 

0.85 

8"— 10  ga. 

3,4,6 

8'  10'  6"  and  12* 

30-3 

1.02 

3"— 10  ga. 

3,4.6 

8'.  10'  6"  and  12" 

35-3 

1.19 

3"— 10  ga. 

3.4.6 

8'.  10'  6"  and  12* 

4(y-3 

1.36 

3"—  7  ga. 

3*  6".  r  0" 

Sand  12 

ia-2K 

0.34 

2>i"— 16  ga. 

3.4.6 

Sand  12 

15-2>i 

0.51 

2>i"— 12  ga. 

3,4.6 

Sand  12 

20-2K 

0.68 

2>i"— 10  ga. 

3,4.6 

8  and  12 

40-2>i 

1.36 

2>i"—  7  ga. 

y  6",  r  0" 

8  and  12 

10-lH 

/0.84 

IH"— 18  ga. 

3,4.6 

8  only 

\0.34 

IH"— 16  ga. 

3.4,6 

8  and  12 

20-lH 

0.68 

IH"— 12  ga. 

3,4.6 

8  and  12 

15-H 

0.51 

>i"— 16  ga. 

3,4,6 

8  and  12 

26-^ 

0.85 

?i"— 12  ga. 

8,4.6 

8  and  12 

O-H 

0.68 

H"— 18  ga. 

3.4.7 

8  only 

24->i 

0.82 

H"— 16  ga. 

2.4 

8  only 

The  first  two  figures  in  the  first  column  give  the  area  of  steel  and  the  last  figure  gives  the  shoct  ^ts&Kco&ioitA  <A 
Thus  No.  30-3  has  an  area  of  0.30  sq.  in.  per  12  in.  of  width  and  has  a  mmh^V^.  "lAs^. 
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128e.  6F  Expanded  MetaL — Manufactured  by  the  General  FLreproofing  Co., 
Youngstown,  Ohio.    Standard  sizes  are  given  in  the  following  table.  * 

GF  Expanded  Metal 


style 

Approz.  weight  per 
sq.  ft.  in  pounds 

• 

Deliveries 

Standard 

sise  sheets 

Lengths 

Widths 

Long  way  of  diamond  Short  way  ot  diamond 

3-10-176 

0.60 

6',  8',  9',  10'-8" 

3',  4'.  5',  6' 

8-10-266 

0.90 

6',  8',  9',  10-8" 

4',  5'-4" 

3-10-^53 

1.20 

Carried  in  stock 
in  standard  sheets 

6',  8',  9*.  10'-8" 

3',  4',  6' 

3-12-150 

0.51 

6',  8',  9',  10'-8" 

3'.  4',  6' 

lH-12-194 

0.66 

6',  8' 

3',  4'.  6' 

H-12-246 

0.84 

6',  8' 

3',  4',  6' 

3-10-324 

1.10 

6',  8'.  9',  10'-8" 

4'-4" 

3-10-25 

0.85 

6'.  8',  9',  10'-8" 

5'-8" 

a-10-20 

0.68 

6',  8',  9',  10'-8" 

5'-6" 

a-10-162 

0.55 

6',  8',  9',  10'-8" 

3'.  4'-6" 

3-10-15 

0.51 

6',  8',  9'.  10'-8" 

3'.  6' 

a-12-126 

0.425 

6',  8',  9',  10'-8" 

4'-4",  6'-^" 

3-12-10 

0.34 

6',  8',  9'.  10'  -8" 

4',  6'-4" 

3-16-082 

0.278 

6',  8',  10'-8" 

3\  4',  5',  6' 

3-16-059 

0.20 

Five  days 

6',  8'.  10'-8" 

3'.  4',  6' 

2H-12-164 

0.56 

to  two 

6',  8',  10'-6" 

4'.  6' 

2K-lfr-118 

0.40 

weeks 

6',  8',  10'-6" 

3'.  4',  6' 

2>i-16-10 

0.34 

dependent 
on  sise 

6',  8',  10'-6" 

4'.  5' 

2-12-161 

0.547 

order 

6',  8' 

4',  5' 

2-lfr-103 

0.351 

and 

6',  8' 

4'.  5' 

lH-lJ^-181 

0.61 

unfilled 
business  on 

6',  8' 

4'-3" 

lH-ifr-105 

0.36 

books 

6'.  8' 

4'.  5' 

lH-18-088 

0.308 

6'.  8' 

3',  6' 

1-12-234 

0.796 

6',  8' 

4'-8" 

l-lfr-175 

0.597 

6'.  8' 

3'.  4',  6' 

1-18-125 

0.425 

6',  8' 

4'-4" 

^-lfr-154 

0.525 

6',  8 

4'-4" 

^-18-147 

0.50 

6',  8 

3'-8" 

H-18-220 

0.75 

6',  8' 

4' 

3-7-609 

2.00 

6',  8',  9',  10'-8' 

5' 

3-6-550 

1.87 

Mill 

6',  8',  9',  lO'-S" 

3'.  4',  6' 

3-6-500 

1.70 

shipment 
only 

6'.  8',  9',  10'-8"     • 

4'-4" 

3-fr-460 

1.53 

6',  8'.  9',  10'-8" 

4'-8" 

3-7-400 

1.36 

6',  8',  9',  l0'-8" 

5' 

Note. — Interpret  styles  as  follows:  For  example  3-10-176.     3  equals  short  dimension  of  diamond  in  inches; 
10  equals  approximate  gage;  176  equals  0.176  sq.  in.  sectional  area  per  foot  of  width. 
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129.  Rib  Metal. — Rib  metal  is  manufactured  by  the  Trussed  Concrete  Steel  Co.,  and  con- 
sists of  nine  longitudinal  ribs  rigidly  connected  by  light  cross  members.  It  is  made  from  a 
sheet  of  metal,  flat  on  one  side  and  corrugated  on  the  other.  Strips  of  the  metal  adjacent  to 
the  ribs  are  stamped  out,  and  the  sheet  is  drawn  out  into  square  meshes  (Fig.  29).  The  standard 
sheets  are  manufactured  with  meshes  of  from  2  to  8  in.  and  in  all  lengths  up  to  18  ft.  The  prop- 
erties of  rib  metal  are  given  in  the  table  which  follows: 


Clip  -fop  -^ 
splicing  sheets 


i«a 


Fio.  29. — Rib  metal. 


Rib  Metal 


SUe 
No. 

Width  of 

standard  sheet , 

inches 

Sq.  ft.  i>er 

linear  foot  of 

standard  sheet 

Area  per  ft. 
width,  sq.  in. 

Ult.  tensile 

strength  per  foot 

of  width 

Safe  tensile 

strength  p«r 

foot  of  width, 

pounds 

2 
3 
4 

5 
6 

7 
8 

16 
24 
32 

40 
48 
56 
64 

1.33 
2.00 
2.67 

3.33 
4.00 
4.67 
5.33 

0.54 
0.36 
0.27 

0.216 
0.18 
0.154 
0.135 

38,880 
25.920 
19.440 

15.552 

12,960 

11.088 

9,720 

9.720 
6.480 
4.860 

3,888 
3.240 
2,772 
2.430 

Area  of  one  rib  «  0.09  sq.  in. 
Ultimate  tensile  strengtn  »>  6480  lb. 
Safe  tensile  strength  -  1620  lb. 


130.  Self-centering  Fabrics. — Permanent  centering  fabrics  (used  mostly  for  reinforcement 
in  concrete  floor  slabs  resting  on  steel  beams)  are  stiffened  by  rigid,  deep  ribs  which  do  away 
with  the  use  of  slab  forms.  The  mesh  is  made  small  enough  to  prevent  ordinary  concrete  from 
passing  through.  The  centering  fabric  is  laid  over  the  supports,  the  concrete  is  poured  on  top 
and  the  under  side  plastered.  A  simple  brace  along  the  middle  of  the  slab  span  is  sometimes 
required  to  give  suflicient  strength  to  the  ribs  until  the  concrete  has  set.  The  permanent  cen- 
tering fabrics  may  be  obtained  either  in  flat  or  segmental  form. 

A  serious  disadvantage  in  this  type  of  construction  is  the  difficulty  of  providing  efficient 
fire-protection  on  the  under  side  of  the  fabric.  Bond  with  the  concrete  is  also  likely  to  be 
insufficieot. 
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ISOa.  Hj-Rlb. — Hy-Rib  (Fig.  30)  is  a  steel  abeathittg,  etiSened  by  deep  ribe 
fonned  from  a  single  aheet  of  steel.  It  Lb  controlled  by  the  Tmsaed  Concrete  Steel  Co.  <rf 
Youngstown,  Obio,  and  Detroit,  Micb. 


a.  30.— Hr-rib. 
Hr-RiB 


Typ.  of  Hy-Rib 

Fatmeriy 

H«(htof 
rib* 

ribi 

(iacbei) 

Width  oi 

(inelia) 

U.  8.  Studud 

IK-in,  Hy-Rib 
>«.-in-  Hy-Rib 
'M4-in.  Hy-Rib 
Ji-in.  Hy-Rib 

D«p-Rib 
T-Rib 
3-Rib 
S-Rib 

• 

14 
34 

30 

23,  24.  3S 
22,  24.  26.  38 

3*.  ae,  38 

34.  26.  38 

SUndud  leostha,  0.  S.  uid  13  ft. 

Other  leogtlia  ve  out  from  ituidud  leDgtb*  wi 

IHAa.  «iid   >M«-in.  Hy-Rib  are  shipped  in 


undlea  of  S  iheeli;  'Ha->°'  ">d  H-in-  Hy-Rib 


130b.  Corr-Hesh. — Corr-Mceh  (Fig.  31)  is  furniabed  by  the  Corrugated  Bar 
Co.,  Buffalo,  N.  Y.  It  ia  a  stiff-ribbed  expanded  metal,  the  ribs  being  spaced  S^j  in.  c.  to  c. 
The  height  of  the  ribs  is  ^  in.  and  tbe  width  of  the  sheets  ia  13?^  in.  c.  to  c.  of  outside  ribs. 


Fia.  31.— Corr-i 


The  standard  ga^fiB  are  No.  24,  No.  26,  and  No.  28,  although  other  gages  can  be  obttuned  if 
required.  Tbe  standard  lengths  are  6,  8,  10  and  12  ft.  The  sheets  are  rurnished  either  flat  or 
in  various  types  of  curves.     All  roetai  is  siiipped  painted  unless  specifically  ordered  otherwise. 

130c.  SeU-Sentering.— SeU-Sentering  (Fig.  32)  ia  manufactured  by  the  GeoertJ 
FirepToofing  Co.,  Youngstown,  Ohio.  It  is  made  up  of  a  series  of  heavy,  cold-drawn  ribs,  ^^g 
in.  high,  always  spaced  3^  in.  c.  to  c,  connected  by  a  form  of  expanded  metal — all  cut  10,  11, 
and  12  ft.  Longer  lengths  up  to  14  ft.  furnished  on  special  order.  Self-Sentering  is  made  of 
No.  24,  26,  and  28-gage  metaL 

130d.  Chudath.— Chanelath  (Fig.  33),  furnished  by  the  North  Western  Ex- 
panded Metal  Co.,  Chicago,  III,  is  a  type  of  expanded  metal  composed  of  a  series  of  heavy 
oold-formed  steel  T-ribs  connected  (^ether  by  a  mesh  known  as  "Kno-Burn"  metal  lath.  Tbe 
T-ribs  are  ^  in.  high  and  spaced  4  in.  c.  to  c.  The  flange  of  the  T  is  >^  in.  wide.  Chanelath 
is  manufactured  and  carried. in  stock  ready  for  immediate  shipment  in  the  following  siiea  of 
sheets:  Lengths— 3,  4,  S,  S,  7,  8,  9,  10,  11,  and  12  ft;  widths — 4,  8,  12,  16,  20,  24,  28,  32, 
36,  40,  44,  and  48  in. 
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UOe,  Rlbplez. — Ribplex  manuf&ctured  by  the  Berger  Mfg.  Co.,  Cftaton,  Ohio, 
is  an  expanded  metal  with  ribs  4.8  in.  on  cent«rB  and  ^  in.  high.  Standard  sheets  are  24  in. 
wide  and  are  carried  in  stock  in  4,  5,  6,  7,  8,  Q,  10,  11,  and  12-ft.  lengtha.  Sheets  are  made  in 
28,  26,  and  24  gages. 


Fia.  32, — 3«lt-8eDtsi 


130/.  Dovetailed  Corrugated  Sheets. — Sheets  of  thin  steel  corrugated  bo  as  to 
form  dovetailed  grooves  are  manufactured  by  the  Brown  Hoisting  Machinery  Co.,  Cleveland, 
Ohio,  and  by  the  Berger  Mfg.  Co.,  Canton,  Ohio.     The  first  mentioned  company  manufaotures 


a  plate  known  are  as  Ferroinclaveandthelattercompanyfumishes  twotypesofplatesknowna 
Ferro-Lithic  and  Multiple  Steel.     The  dovetailing  in  these  plates  serve  tounitetheplateeto  the 


^^^  /y/y/y 


18L  Reinforcing  Systenu  for  Beams,  Girders,  and  Columns. 

181a,  Ealm  SjsteoL — The  Kahn  trussed  bar  (Fig.  34),  named  for  its  inventor 
is  rolled  with  flanges,  which  are  bent  up  to  resist  the  shear  in  the  beam.  For  continuous  beams, 
inverted  bars  are  placed  over  the  supports  in  the  upper  part  of  the  beam,  extending  over  ths 
region  of  t«iisioa.    Praperties  of  Kabo  trusBed  ban  are  shown  in  the  fQllti'fl\'a%\»i^'&'> 
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Kahn  Teubsed  Bab8 


9i»JB 

inchM 

Weight 

pound. 
per 
toot 

A» 

in  inohH 

SUDdKrd     1       Bpaciil 

Sqiun  SKtioD  B>n                                              | 

HXIH 

2.1 

0.11 
0-70 

13.  24,  36 

9,    8.  IS 
8,  18.  30 

N*»  BmUdd  Ban                                                1 

mx2« 

2     X3H 

4.S 
10  2 

1.41 
3  00 

12.  24.  39 

8.  18,  30 

24,  30.  48 
24.  30,  49 

FlQ.  3S.— Kkbn  intern. 

What  might  be  called  the  Kahn  Hyatem  ia  illustrated  in  Fi((.  35.  The  collapBible  column 
hooping  is  shown  more  in  detail  in  Fig.  36.  The  hooping  is  shipped  in  the  fonn  of  flat,  circular 
coils  of  exact  diameter  and  accurately  spaced  by  nieana  of  special  spacing  bars.  These  coile 
spring  automatically  into  a  complete  hooped  column  on  cutting  the  small  fastening  wires.  Bib 
bars  (see  Art.  126d)  arc  ordinarily  used  as  vertical  reinforcement  in  conjunction  with  the 
hooping. 

The  collapsible  column  hooping  is  shipped  complete  with  two  spacing  bare.  Sims  of  wire 
for  hooping:  >i,  5^8,  H,  He,  and  )^-in.  diameter.  Diameter  of  coila:  9  to  30  in.  Fitch: 
1^  to  12  in.  Hoopii^,  where  desired,  can  also  be  obtained  in  bundles,  coiled  to  the  correct 
diameter,  and  with  separate  spacing  bars,  ready  tor  asaemblii^  in  the  field. 
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Ulb.  Cnmmliist  Syttcm.— The  Cummitigfl  Byatem  is  ahova  in  Fig.  37.  U- 
Bhaped  stirrups  are  used  on  the  girder  frame  shown.  They  are  shipped  flat  with  the  lon^tudi- 
nal  reinforcement,  but  are  bent  up  to  an  inclined  position  on  the  work.  The  rods  are  held  to- 
gether by  means  of  a  patented  choir.     In  the  Cummings  hooped  column,  each  hoop  is  securely 


F:o.  37. — Cnminiiiii  aritsm, 

attached  to  the  upright  rods.  The  hoops  are  made  of  flat  steel,  bent  to  a  circle,  with  the  ends 
riveted  or  welded  together  in  such  a  manner  that  the  ends  of  the  hoops  protrude  at  right  angln 
to  keep  them  the  proper  distance  from  the  mold.  Reinforcement  of  the  Cummings  system  il 
manufactured  and  sold  by  the  Electric  Welding  Co.,  Pittsburg,  Pa. 

ISlc.  Unit  System.— Figs.  38  and  39  show  the 
unit  system  of  reinforcing  controlled  by  the  American  System 
of  Reinforcing,  Chicago,  IIL  The  girder  frames  are  not  stock 
frames  but  are  built  to  meet  the  engineer's  or  architect's 
plans.  Unit  girder  frames  are  provided  with  overlapping  rods 
for  continuous  beams  to  reinforce  against  negative  moment. 

ISld.  Corr  System. — Co rr-bar  girder  frames  (Fig. 
40)  and  shop  fabricated  spirals  (Fig.  41)  are  furnished  by  the 
Corrugated  Bar  Co.,  Buffalo,  N.  Y.     As  with  the  unit  system, 


FtQ.  38.— "Unit" 


the  girder  frames  are  built  to  meet  the  engineer's  or  architect's  plans.  In  the  spiral  reinforce- 
naent  the  spacing  bars  consist  of  two  or^in  large  columns— four  spacers  made  of  T-sectionbara 
notched  to  receive  the  spiral.  The  spirals  are  made  of  cold-drawn  wire  and  are  furnished  in 
any  length,  in  diameters  of  10  to  36  in.,  pitch  1  to  4  in.,  and  of  the  following  sises  of  wire: 
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Om^ 

Dim.  of 

win 
(ineh) 

Wt.  ri 

win  (lb. 
pttfoot) 

Prutial 
Ooch) 

Gica 
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ISle.  Hennebique  System. — One  of  the  pioneers  in  concrete  construction  ii 
Ehirope  is  Mr.  Hennebique,  in  France,  and  the  system  which  still  bears  his  name  is  shown  ii 
Fig.  42. 


1. — CorruMttd  Bar 


131/.  Pin-connect«d  Sj^tem. — Reinforcement  in  the  pin-connected  system 
consista  of  bars  made  into  a  tniBB  and  ready  for  placing  in  the  forms  (see  Fig.  43). 


Fio.  43.— Pin-e< 


131^.  Luten  Truss.— The  Luten  truss  is  shown  in  Fig.  44.  The  bars  are  rigidly 
locked  together  to  form  the  truaa  by  a  clamp,  with  a  wedge  that  is  self-locking  when  driven  home. 
The  truss  is  especially  adopted  to  highway  culverts  and  bridgee  and  is  put  out  by  the  National 
Conorets  Co. 
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ISU.  ZpantnuB  System. — The  tniBB  by  this  name  is  BhowD  in  FSg.  45,  and  a 
applicable  chiefly  to  beams,  girden,  and  heavy  elabs.  This  system  is  patented  by  The  Con- 
solidated Expanded  Metal  Co. 


ISli.  Shop  Fabricated  Reinforcement  System. — In  this  system  (Fig.  46}  manu- 
factured by  the  Lackawanna  Steel  Co.,  Lakawanoa,  N.  Y.,  the  standard  bar  is  a  troughed  section 
and  the  auxiliary  reinforcing  membeiB  such  as  diagonal  tension  membets,  tie  rode  for  columns, 


OrfiMs«Btion  oraat 


walls,  etc.,  are  flat  bars  (Ht>y  K«  in.)  with  knobs  on  each  edge.  Fabrication  is  effected  by  pUo- 
iog  a  portion  of  the  auxiliary  flat,  properly  bent,  within  the  trough  and  with  abuUdocer  or  other 
pressure  machine  squeezing  the  wings  of  the  main  bar  and  also  gripping  the  knobs  of  the  flat. 


"^^^v 


=^^r" 


The  upper  or  troughed  part  of  the  main  bar  is  a  constant.  Increased  area  is  developed  by  mak- 
ing the  section  deeper  as  required.  Tests  have  shown  that  the  rivet  grip,  as  it  is  called,  is 
greater  than  the  strength  of  the  auxiliary  member. 
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CBMBNT  MORTAR  AND  PLAIN  CONCRETE 
By  Nathan  C.  Johnson 

Concrete  as  used  in  construction  is  a  composite  formed  by  uniting  fragments  of  various 
substances,  preferably  mineral  in  character  and  of  natural  origin,  by  a  substance  formed  from 
the  chemical  or  physical  and  chemical  union  of  cement  (of  one  kind  or  another)  with  water. 

This  definition,  which  is  correct  from  the  standpoint  of  commercial  practice  and  its  prod- 
uct, is  open  to  various  interpretations.  It  is,  however,  no  broader  than  the  range  of  products 
from  excellent  to  poor,  which  tolerance  by  engineers  and  common  acceptance  has  unfortunately 
forced  upon  the  industry.  Through  this  laxity,  any  composite  of  a  cementing  substance  with 
aggregates,  clean  or  dirty,  graded  in  size  or  ungraded,  and  whether  good  or  poor,  well-mixed  or 
poorly  mixed,  uniform  or  segregated,  drowned  or  dry,  well  compacted  or  honeycombed  with 
voids  is  and  must  be  classed  as  '^ concrete"  until  better  knowledge  and  better  procedures  give 
rise  to  proper  standards  for  acceptance.  In  order  that  these  may  be  brought  nearer  to  hand, 
the  following  outline  of  basic  principles  is  prepared. 

182.  Qualities  Desired  in  Concrete. — Bearing  in  mind  that  concrete  is  made  through 
re-union  by  cement  of  fragments  of  natural  stone,  the  qualities  desired  in  concretes  are: 

(1)  High  density  and  uniformity. — which  means  high  efficiency  in  the  absolute  quantity, 
arrangement,  and  compacting  of  the  stone  fragments  or  aggregates  in  a  given  volume. 

(2)  High  impermeahility — which  means  high  resistance  to  destructive  agencies,  such  as 
water,  and  therefore  high  permanence  and  low  maintenance. 

(3)  High  strength  at  maturity — which  means  high  modulus  of  elasticity;  with  ability 
to  resist  and  withstand  high  stress  and  even  severe  shock. 

It  is  to  be  noted  that  high  impermeability,  permanence,  and  high  strength  are  usually  co- 
existent with  high  density. 

If  therefore,  these  desired  qualities  in  terms  of  definite  standards  (which  have  not  yet 
been  agreed  upon)  were  inserted  in  the  definition  first  made,  it  would  read: 

Concrete  as  uaed  in  oonBtniotion  ia  a  compoeite  poasesnng  high  density  and  uniformity;  impermetUnliiyt  and 
permanence;  high  etrength  at  maturity  and  high  modulus  of  elasticityt  formed  by  uniting  fragments  of  various  sub- 
stances, preferably  mineral  in  character  and  of  natural  origin,  by  a  substance  formed  from  the  chemical  or  phsrsioo- 
ohemical  union  of  cement  with  water. 

This  definition  would,  it  is  ventured,  exclude  much  undesirable  material  that  now  is 
accepted,  and  at  the  same  time,  it  leads  directly  to  a  better  conception  of  the  principles 
underlying  the  formation  of  concrete  from  its  components  and  the  processes  neceseary  to  its 
proper  manufacture. 

183.  The  Formative  Processes  in  Concrete. — Diagrammatically,  the  formation  of  con- 
crete (and  mortar)  is  as  follows: 


CEMENT  I— 


Temperature 

Time 

Physical  Treatment 

Quantities 
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WATER  I 
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"GLITE" 


SAND 


SAND  AND  STONE  | 


Impurities  Impurities 

Physical  Treatment  Physical  Treatment 
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A  consideration  of  this  leads  at  once  to  the  premise  that  the  chemical  union  cS  canent 
(usually  Portland  oement)  with  water,  both  in  quality  and  quantity,  ia  the  baas  on  which 
attainment  of  desired  success  depends;  and  further,  that  this  formation  of  cementing  sub- 
stance ia  critically  dependent  upon  the  variables,  temperaturt,  time,  ■phytxedl  treatment,  and 
the  reioHve  ^iantUiei  of  the  two  primary  aubitaneea.  These  variables  and  their  fluctuations 
go  far  towards  explaining  the  wide  variation  of  re- 
sults common  to  "standard  "  practices  in  concrete 
making. 
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Id  clugify  it  u  "niudtwe,"  nafitted  to  withatuid  itms.     Ai 
^'  were  desired,  heat  would  serve  as  an  acoelerstor  to  that  end, 
duced  between  aurfacea  might  be  loot  by  too  gulok  an  e^nsu: 
(a  proper  amount  of  water. 


134.  Excess  and  Sufficient  Water — As  no  processes  are  at  present  in  acceptance  for  the 
commercial  production  of  a  stronger  solution  of  cementing  material  for  concrete,  it  becomes 
necessary,  and  of  first  importance  in  commercial  work,  to  keep  the  ratio  of  powdered  cement 
to  water  as  high  as  possible  by  using  only  enough  water  to  give  the  mass  of  cement,  water, 
and  af^regates  sufficient  plasticity  to  be  readily 
workable,  so  that  it  will  closely  fill  all  spaces  and 
contact  closely  with  forms. 

Care  in  this  particular  will  tend  to  keep,  at 
what  might  be  termed  "  useful  glueing  strength," 
the  fluid  cementing  product,  which  fluid  alone  can 
contact  to  any  extent  with  aggregates,  solid  parti- 
cles necessarily  contacting  only  at  points  of 
tangency.  And  as  affecting  the  amount  of  water, 
it  should  be  borne  in  mind  that  fine  sands  require 
more  water  for  a  given  plasticity  than  do  coaiM 
sands,  thereby  reducing  the  concentration  of  glue 
and  giving  rise  to  the  axiom  that  "coatse  sands 
make    strong    concrete    and    fine    sands,    weak 
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Fia.  48.— Efleci 
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■[e"e'!*(¥he  concrete." 


But  cement  and  water  an  not  the  lole  detcnninaton 
of  strength  in  coDcrete,  A  oeitain  dilution  by  the  aggra- 
y  determined,  must  also  be  rMOgnued.  But  so  tu  u  the  ratio 
1  glueiui  strenith  "  of  solutions  praduoed  by  oonunon  methodi  ia 
.  at  Lewis  IniCilute  have  evolved  a  curve  eipreadv*  of  the  relation 
concrete  which  is  inatructiTB  (Fi(.  47).  The  diagram  show*  that 
le  the  minimum  of  water  that  will  enable  aatislaotoir  placement  of 


136.  Time  Reqtiired  to  Produce  Strong  Cementing  Solutions. — Into  the  process  of  pro- 
ducing a  "glue"  by  union  of  cement  and  water,  time  necessarily  enters  as  a  governing  factor. 
Before  the  various  particles  of  aggregates  that  make  up  a  cubic  foot  of  concret«  are  placed  in 
their  final  position  of  rest  in  forms,  the  solution  of  cement  surrounding  them  is  quite  weak, 
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even  with  the  minimum  quantity  of  wat«T.  The  bulk  of  the  fluid  portion  surTounding  each 
puticle  Emd  lying  between  them  carrieB  but  little  material  effective  for  solidity  and  adhesion 
until  diffusion,  which  ie  slow,  can  bring  about  a  greater  concentration.  Further,  the  reaction 
products  of  Portland  cement  and  water  are  of  rather  e\ow  formation  at  temperatures  at  or 
below  75  deg.  F.,  although  elevated  temperatures  increase  the  formation  of  such  products  until, 
in  extreme  cases,  "flash  set"  is  induced,  while  at  a  lower  temperature,  so  little  of  these  products 
is  produced  that  "cold-weather  concretes"  are  notoriously  weak,  requiring  support  by  fonna 
for  much  longer  period.'  In  Fig.  48  may  be  seen  graphically  the  effect  of  temperature  upon 
strength,  and  corollary  to  this,  forma  should  be  left  in  place  for  the  following  periods  at  given 
temperatures: 

Time  Required  Before  Removing  Forms 
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lime  and  temperature,  tberefore.  ai  determinanta  of  chemical  acl 
f or  ooocRts  aigraiatea,  are  found  to  be  not  abatruse.  tbeoreUcal  oonjuringi,  but  to  have  direct,  commerdal  import- 
ant and  any  nesleot  d(  tfacM  factor*  will  bring  an  inracapabie  penally. 

186.  Mixing  and  Placing  Concrete. — No  operation  is  of  greater  importance  or  more  ex- 
acting in  its  nature  than  mixing  concrete.     For  commercial  reasons,  mixing  a  batch  of  concrete   . 
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Flo.  46. — Relation  between  tenails  etrenctb  of  neat  eement  and  eemenl  mortart  (0  brand*  ol  cament). 

of  whatever  size  has  a  time  allowance  that  custom  has  established  at  about  1  minute,  from  start 
of  charging  of  mixer  to  finish  of  discharge,  ready  for  a  new  bateh.  Yet,  in  the  brief  period  thua 
allowed  for  actual  mixing,  it  is  required  that  about  100  to  200  billion  sand  grains,  200  to  300 
billion  cement  particles,  and  about  1  million  stone  particles  shall  be  wetted,  and  evenly  dis- 
tributed into  a  homogeneous  mass  for  each  cubic  yard  of  concrete. 

The  task  is  stupendous.     Difficult  even  for  the  best  of  machines,  the  poorer  machines 

I  For  fuller  diaouauon  of  thia  lubjeot,  aae  N.  C.  Johnaon,  Journal  Eociaeen  Club  of  Pliiladelptiia,  Sapt.,  lOlB. 
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produce  a  result  little  better  than  that  of  hand  mixing;  and  band  mixing  ahould  not  be  indulged 
except  inan  emergency.  Each  sand  grain,  each  cement  partible,  each  piece  of  stone  is  put  into 
concrete  to  do  its  share  of  bearing  the  total  burden  imposed  on  the  mass;  and  if  it  is  not  to 
remain  idle,  it  must  have  ita  proper  place  and  its  shore  of  "glue"  to  stick  it  to  its  neighbor. 
Oive  mixing  its  due  reapect  and  placing  will  be  easier  and  results  better, 

137.  Placing  Concrete  and  Its  Relation  to  Quality.^ It  is  of  no  purpose  to  establish  through 
efficient  mixing  the  ingredients  of  concrete  in  proper  position  one  to  anotberunless  this  relation' 
ehipismaintaineduntil  they  arein  forms,  presumablyinthepoHhiona  they  are  to  occupy  for  all 
time  to  come.  Over-wet  concretes,  in  particular,  unmix  easily  in  transit  to  forme;  and  in  deep 
sections,  give  rise  to  considerable  formation  of  laitanee,  which,  in  its  commercial  sense,  is  the 
finer  particles  of  cement  and  aggregates  rising  to  the  top  and  solidifying  as  a  chalky,  soft,  and 
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pervious  substance.  Needless  to  say,  this  separation  of  fine  materials  is  "s^regatlon," 
DO  less  than  separation  of  coarse  materials;  and  it  results  in  low  uniformity  and  low  density 
with  lack  of  impermeability,  strength,  and  other  desirable  qualities. 

The  means  chosen  for  placement,  therefore,  should  be  adapted  to  tbe  work  in  hand;  and 
the  consistency  of  the  concrete  to  the  means  of  transit  from  mixer  to  foims.  Usually,  properly 
proportioned  and  mixed  concrete  may  be  properly  placed,  whether  by  buggies  or  chutes  or  cars 
or  other  means  of  transport.  To  bring  about  as  close  a  compacting  as  possible,  puddling  with 
poles  or  spades,  ramming,  or  joggling  are  all  permissible  if  properly  done  and  not  to  excess. 

188.  Qualities  of  Concrete.^ Assuming  proper  proportioning,  mixing,  and  placing  of 
concrete,  certain  qualities  may  be  expected  of  the  composite  in  an  average  of  instances. 
These  values  are,  of  course,  dependent  upon  the  qualities  and  properties  of  the  cement  and  of  the 
^gregates  severally  and  jointly  and  upon  their  quantity  presence  in  the  combination;  and  they 
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have  beeo  est&bUahed  by  repeated  teota,  many  thousaDds  of  which  are  on  reoonJ  where  they 
may  be  consulted, 

ISB.  Average  Strength  Valuoi  of  Neat  Cement  and  Mortara.— Since  the  combination  of 
cement  with  water  is  fundamental  in  the  making  of  concrete,  the  value  of  these  nibatancea 
alone  is  of  interest. 
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In  Pig.  49  IB  Been  a  plotting  of  values  in  tension  of  thii  combioation  at  different  ages;  and 
in  the  eame  curve  is  eeen  also  the  valuea  of  this  combination  when  diluted  with  standard  sand 
and  with  a  certain  commercial  sand  in  1 :  3  and  1 : 4  proportions.  The  loss  of  strength  through 
addition  of  sand  to  the  water-cement  combination  ia  very  obvious;  and  if  stone  were  added  to 
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moke  concrete,  a  further  lose  would  result.  The  cause  of  this  loss  is  as  yet  not  wholly  clear,  for 
■and  and  stone  are  each  inherently  stronger  than  cement.  But  it  probably  results  from  (1) 
poorcontactingof  sand  and  stone  with  cementing  solutions,  (2)  existence  of  dilute  solutions  only 
of  cementing  products  at  surfaces  to  be  united ;  and  (3)  the  presence  of  impurities,  such  as  air, 
or  duBt  films  on  these  aurfaeea. 
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140.  TonsUs  and  Compressive  StnngUu. — The  foregoing  T&luea  of  neat  cement  and  moi^ 
tan  are  based  on  tensile  testa.  Concrete,  however,  due  to  loss  of  strength  alluded  to  above,  has 
little  value  in  tenstion  and  finds  its  usefulness  as  a  reeiatant  to  compressive  stress. 

In  Fig.  60  ia  a  graphic  preeentation  of  compresBion  teat  values  for  concrete  of  several  kinds 
as  well  as  for  cement-water  and  cement-water-eand  combinatione.  It  is  to  be  noted  that 
although  further  dilution  by  stone  and  loss  of  strength  ia  in  evidence,  this  loss  is  not  proportion- 
ate to  the  original  loaa  suffered  by  cement-water  specimens  on  addition  of  sand.  The  explana- 
tion lies  both  in  the  inherent  strength  of  the  atone  particles,  each  of  which  majr  comprise  aa 
many  as  10,000  or  even  20,000  sand  particles,  and  in  the  small  number  of  stones  particles  added 
relative  to  the  sand  particles  as  before  set  forth,  together  with  relatively  small  increase  of  sur- 
face area  to  be  covered  by  "glueing"  products,  with  proportionately  less  introduction  of 
adulterants  and  impurities. 

141.  Density  and  Strength. — Density  has  before  been  stated  as  of  first  importance  in  con- 
crete, and  it  has  alao  been  stated  that  high  density  uaually  mesne  high  atrength. 

In  Pig.  51  is  Been  proof  of  thia  from  test.  Although  the  teat  points  as  plotted  are  variable, 
the  average  curve  drawn  ia  enpressive  of  the  general  relation. 


TU+ 

i 1 1 1 1 1  Vx^ 

\ 

li 

tt'T 

k 

1^ 

^ 

*                                      R,™„^05,Dtc[<iJ,m.»«l 

FirtrntogB  of  onganie 
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143.  ImporitieB  and  Strength. — Strength  of  concrete  is  diminished  by  impuritiefl.  As  yet, 
however,  knowledge  is  vague  as  to  what  substances  constitute  impurities;  and  only  those  most 
grossly  evident  have  been  commonly  investigated.  But  the  general  eCect  of  aeveral  of  theae 
have  been  more  or  less  closely  determined;  and  all  are  found  to  have  an  effect  detrimental  to 
strength. 


o[  the  eflMt  ( 

Micr  ID  (lealer  or  kn  qutuitit}-  ii  preeeat  in  aearly  all  cDmmendal  uoda.  I 
ther.  it  cannot  be  wetted,  ao  that  cement  will  not  adhere.  It  operata.  tbeiefon 
of  diflerent  perceotBges  ie  ihown  in  Fii.  52. 

Clava^  nJl.  thouflh  differing  in  chetnioal  eompcjeltian.  are  Blike  in  tb^ir  effeot  oQ  the  et 
priacipally  beoaiiae  of  the  eitreme  fineaefla  of  their  particlea.  and  the  vaat  number  of  theae  pi 
■mall  volume.  Although  for  certain  water-tight  work  and  to  aecure  an  eaay  wotking,  fatty  m 
of  theae  materiala  ia  advaatageDua  in  small  quantity,  an  ex««a  of  Bithor  will  reault  in  matei 
The  eHect  of  slay  in  varyini  percvntaia  ii  ahowa  in  Fig.  £3. 

^t  of  silt  aod  clay  aa  rejcarda  eaay  working  ii  aimilBr  to  additions  of  hydrat«d  lima  f 


dam  ia  analosoua  to  gilt  s«  re^Brda  Gnpui 


,n  added  iiatribuli 


>mpogition.  itrikta  diiectly  at  the  M 
ited  ID  the  ehftpter  on  "  Concrete  li 


atrength  di 

wiU)  bhitrition  of 

149.  Average  Strengtha  of  Concrete. — The  following  table  givea  average  strengths  for  con* 
oretes  of  different  materiala  and  compositions: 
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Watsrtown  Arsenal  Tbsts^ 


Mixture  and  characterof 
coarse  aggregate 

Age,  months 
(approx.) 

oompressiye  strength 
(lb.  per  sq.  in.) 

Crosa-seotion,  inches 
(approx.) 

Length,  feet 
(approx.) 

1 : 1      Mortar 

6 
6 
6 
6 
6 
6 
6 
6 
6 
5 
8 
6 
8 

3H 

5 

6 

6 

3 

5 

8 

4 

5H 
5 

5011  + 

3652 

2488 

2062 

2692 

1564 

1471 

1038 

1082 

1625 

1720 

3900 

1769 

1710 

1606 

1760 

1990 

1100 

700 

462 
1350 

871 
1060 

12.5X12.5 
12.5X12.5 
12.5X12.6 
12.5X12.6 
12.5X12.5 
12.5X12.5 
12.5X12.5 
12.5X12.5 
12.5X12.5 
12.5X12.5 
12.5X12.5 
12.6X12.6 
12.6X12.5 
12.5X12.5 
12.5X12.5 
12.5X12.6 
12.6X12.6 
12.6X12.6 
12.6X12.6 
12.6X12.6 
12.5X12.5 
12.5X12.5 
12.5X12.5 

8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 

1:2      Mortar 

1 : 2      Mortar 

1:3      Mortar 

1 : 3      Mortar 

1:4      Mortar 

1:4      Mortar 

1 : 5      Mortar 

1 : 5      Mortar 

1:1:2  Pebbles) 

1:1:2  Pebbles) 

1:1:2  (Trap  rock) 

1:2:3  (Pebbles) 

1:2:4  (Pebbles) 

1:2:4  (Pebbles) 

1:2:4  (Trao  rock) 

1:2:4  (Trap  rock) 

1:2:5  (Pebbles) 

1:3:6  (Pebbles) 

1:3:6  (Pebbles) 

1:3:6  (Trap  rock) 

1:2:4  (Cinders) 

1:3:6  (Cinders) 

UNivBHeiTY  OP  Illinois  Tests* 


Ratio 

col.  strength 
cube  strength 

Mixture 
(coarse 

aggregate, 
crushed 

Umestone) 

Compressive 

strength  of 

columns 

Ob.  per  sq.  in.) 

Age 

columns, 

months 

(approx.) 

Compressive 

strength  of 

cubes 

(lb.  per  sq.  in.) 

Age 

cubee, 

months 

(approx.) 

Cross- 
section, 

inches 
(approx.) 

Length, 

feet 
(approx.) 

■  •   •  * 

95.3 
69.9 

•  •   •   • 

•  •   •   • 

•  •   •   • 

60.5 

•  •   •   • 

•  •  •   • 

•  •   •   • 

•  •   •   • 

•  •   •    • 

•  •   •   • 

78.1 

•  •   •   • 

78.3 

•  •   •   • 

80.4 
99.7 
99.7 
99.8 
85.3 
74.6 

•  •   •   ■ 

•  ■   •   • 

•  •   •   • 

•  •   •   • 

I 

* 

:1H:3 
1H:3 

2:3H 
2:3K 
2:3K 
2:3H 
2:3H 
2:3K 

2:3H 
2:3H 
2:4 
2:4 
2:4 
2:4 
2:4 
2:4 
2:4 
2:4 
2:4 
2:4 
2:4 
2:4 
2:4 
3:6 
3:6 
:4:8 
'4,'H 

2,120 
2,480 
1.710 
2,004 
1.610 
1,709 
1,189 
1,079 
2,650 
2.770 
1,165 
2,000 
2.210 
1.690 
1,945 
1,460 
1,810 
1.926 
1.846 
1,770 
2,680 
2.160 
1,770 
955 
1,110 
676 
675 

2 
2 
2 
2 
2 
2 
2 
2 
12 
16 
2 
2 
2 
2 
2 
2 
2 
6 
6 
6 
6 
6 
6 
2 
2 
2 
2 

a 

2,600 
2.443 

• 

2 
2 

2 

2 

2 

6 
6 
6 
6 
6 
6 

12  in.  cyl. 

12  in.  cyl. 
12  X  12 
9X9 
12  X  12 
12  X  12 
12  X  12 
9X9 
12  X  12 
12  X  12 

12  in.  cyl. 

12  in.  cyl. 

12  in.  cyl. 

12  in.  cyl. 

12  in.  cyl. 

12  in.  cyl. 

12  in.  cyl. 

12  in.  cyl. 

12  in.  cyl. 

12  in.  cyl. 

12  in.  cyL 

12  in.  cyL 

12  in.  cyL 

12  in.  cyl. 

12  in.  cyl. 

12  in.  cyl. 

12  in.  cyl. 

10 
10 
12 
12 
12 
12 
6 
6 
12 
12 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

1,962 

2.036 

1,865 

2,390 
1,850 
1,775 
2,685 
2,530 
2,370 

--         , 

University  op  Wisconsin  Tests*                                                 | 

84.0 
88.0 
91.7 
88.1 

1:2:4 
1:2:4 
1:2:4 
1:2:4 

2,040 
2,110 
2.055 
2.080 

2 
2 
2 
2 

2,427 
2.395 
2.240 
2.340 

2 
2 
2 
2 

12  X  12 
12  X  12 
12  X  12 
12  X  12 

10 
10 
10 
10 

>  "Tests  of  Metals,"  1904.  1905. 

t  BvUa.  10  and  20  of  the  Univ.  of  HI.,  Eng.  Ezper.  Station. 

'  I>MtA  from  tests  of  cubes  made  at  ages  which  do  not  correspond  even  approximately  to  the  age  of  the  oolumo 
Mxs€f9  from  the  mune  oonoretm  hmve  beea  omitted. 
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144.  Effect  of  Curing  Conditions  on  Strength. — Ck>ncrete  attains  full  strength  slowly; 
and  throughout  this  period  of  strength  growth,  a  supply  of  moisture  must  be  available,  else 
drying  out  will  bring  a  cessation  of  the  chemical  action  between  water  and  cement,  with,  in 
extreme  cases,  total  loss  of  bonding  power  through  drying  of  the  "glue."  In  the  accompan3ring 
table  is  shown  the  effect  of  varying  moisture  content  during  curing. 

Effect,  of  Vakiation  of  Moisture  Condition  in  Curino  Period 

Tests  of  Bureau  of  Standards  ^ 


Mix  class  of  concrete,  and  curing  conditions 

Compressive  strength  (lb  per  sq.  in.) 

1  week 

4  weeks 

13  weeks 

26  weeks 

52  weeks 

1:6  gravel  (quaking):  In  damp  closet  entire  period 

•  •  • 

1.898 

1,968 

2,172 

2,400 

1 : 6  gravel  (quaking) :  4  weeks  in  damp  closet,  then  re- 
moved  

•  •  • 

1,648 

1,825 

2,063 

2,220 

1:2:4  trap  rock  (quaking):  Immersed  immediately  after 
molding 

•   •   • 

2,851 

3,570  + 

4.094  + 

3,956 

24  hr.  in  damp  closet,  them  immersed 

•   •   • 

3,978  + 

3,978  + 

4,100 

4,247  + 

8  weeks  in  damp  closet,  then  immersed 

•   •   • 

•   •  • 

3.190 

3,457 

3,389 

1:2:4  gravel  (mushy):  Sprinkled  daily  for  1  week,  then 
stored  indoors  in  dry  room 

481 

1,104 

1.469 

4  weeks  in  damp  room,  then  placed  in  open,  exposed  to 
weather 

•  •  • 

1,834 

2,500 

• 

1:2:4  gravel  (quaking):  In  damp  closet  entire  period.. . 
Open  air.  exposed  to  weather  entire  period 

•  •   • 

•  •   • 

2,612 
2.085 

»  Tteh.  Paper  58. 

As  before  stated,  heat  vitally  affects  the  basic  reaction  between  cement  and  water  on  which 
strength  depends.  In  Fig.  48,  p.  979  is  shown  the  effect  of  this  variable  as  found  by  A.  B. 
McDaniel  (Bui.  Univ.  of  111.,  81). 

146.  Effect  on  Strength  of  Materials  Used. — ^In  all  concrete,  dependence  must  be  primarily 
placed  upon  the  materials  themselves,  as  well  as  upon  proper  use  and  proper  attending  condi- 
tions. It  is  therefore  both  of  interest  and  a  necessity  to  examine  these  individually  and  col- 
lectively. 

146.  Quantities  of  Materials  Required  per  Cubic  Yard  of  Concrete. — The  conditions  on 
construction  work  do  not  approach  those  of  laboratory  work,  and  there  is  always  a  considerable 
waste  of  cement,  sand,  and  stone.  It  has  been  found  in  practice,  that,  when  estimating,  it  is 
not  safe  to  allow  less  than  the  following  amounts  of  cement  for  different  proportions  of  mix: 

l:lj^:3mix 2.00  bbl.  per  cu.yd. 

1:2:4    mix 1.66  bbl.  per  cu.  yd. 

15^:5  mix 1.40  bbl.  per  cu.yd. 

1:3:6   mix 1.20  bbl.  per  cu.yd. 

The  amount  of  sand  and  stone  required  per  cubic  yard  of  concrete  is  theoretically 
dependent  upon  the  size  of  grain  and  upon  the  distribution  of  sizes  of  grains  in  a  given 
volume  of  the  material.  Recent  investigations  into  the  effect  of  fineness  of  sand  and  also 
into  the  effect  of  fineness  in  relation  to  theoretical  surface  area  of  particles  has  resulted  in 
coinage  of  the  expression  "Designing"  of  mixtures.    It  is  often  forgotten,  however,  that  the 
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more  refined  procedures  aie  difficult  of  application  in  the  field;  and  it  is  furthur  often  for- 
gotten that  the  absolute  quantity  of  sand  may  vary  from  40  to  60%  by  volume  measurement 
according  as  to  its  grading  and  the  amount  of  moisture  resident  in  it.  Furthermore,  even 
with  sands  of  like  grading  and  like  moisture  content  the  absolute  quantity  of  sand  obtained 
by  volume  measurement  is  wholly  dependent  upon  the  manner  of  filling  the  measuring 
container.  Therefore  a  wide  variation  may  be  introduced  by  those  procedures  commonly 
classed  as  "best." 

This  means  that  in  commercial  mixtiu^s  of  some  arbitrary  proportions,  such  as  1:  2:  4, 
the  actual  proportions  may  be  1:  1:  4  or  even  licher.  This  not  improbably  accounts  for  the 
higher  strengths  found  in  field  concretes  as  contrasted  with  laboratory  mixtures  made  from 
the  same  materials.  The  quanity  of  stone  obtained  by  volume  measurement  is  practically 
constant. 

147.  Weight  of  Mortar  and  Concrete. — The  weight  of  mortars  and  concretes  varies  with 
the  proportions  of  the  mixture,  the  consistency  used  in  mixing,  and  the  character  and  granular 
metric  composition  of  the  aggregates.  William  B.  Fuller  found  the  following  range  of  weights 
of  mortars  of  various  proportions  made  with  the  same  sand  and  cement : 


Proportions  of  mixture 

Ave.  weight  (lb.  per  cu.  ft.)  . 

1:1 
145.1 

1:2 
143.3 

1:3 
140.0 

1:4 
137.7 

1:5 
138.0 

1:6 
135.5 

1:7 
137.6 

The  Bureau  of  Standards  found  the  following  relation  between  weight  of  gravel  concrete 
and  the  proportions  of  mixture  (Tech.  Paper  68) : 


ProDortiona  of  mixture 

1:1:2 
147 

1:1H:3 
145 

1:2:4 
144 

1:2M:5 
143 

1:3:6 
142 

1*:4:8 
140 

Ave.  weight  (lb.  per  cu.  ft.) 

REINFORCED  CONCRETE 

By  Nathan  C.  Johnson 

As  pointed  out  in  the  preceding  chapter,  concrete  has  low  strength  in  tension,  though  high 
strength  in  compression.  To  overcome  the  weakness  of  plain  concrete  in  tension,  steel  is 
added.  This  addition  is  usually  in  the  form  of  bars,  embedded  in  the  concrete  mass  while 
plastic  and  in  quantities  dependent  upon  the  nature  and  magnitude  of  the  stress  to  be  sus- 
tained. 

148.  Steel  as  a  Component  Material. — Fortunately  for  the  success  of  the  combination, 
fiteel  possesses  substantially  the  same  coefficient  of  expansion  as  does  concrete.  This 
means  that  once  relationship  is  established  between  steel  and  its  surrounding  concrete, 
variations  in  temperature  will  not  alone  bring  about  its  disturbance,  but  that  the  two  will  co-act. 
It  is  possible,  however,  that  stress  might  bring  about  a  change;  and  in  order  to  minimize 
these  possibilities,  the  bars  are  usually  of  "deformed,"  or  irregular  section,  in  order  to  assist 
the  natural  bond  formed  with  the  encasing  materials,  the  steel  in  all  cases  acting  as  an  aggre- 
gate of  special  forms  and  qualities,  held  in  place  and  made  of  value  by  the  same ''glue" 
that  acts  on  other  aggregates. 

149.  Concrete  As  Fire  Protection  for  Steel. — A  further  advantage  is  obtained  with  this 
combination  in  that  concrete,  which  has  a  low  heat  conductivity  combined  with  rigidity,  acts 
as  a  "fireproofing  "  for  the  embedded  steel,  enabling  it  to  continue  unimpaired  its  stress-resisting 
functions  under  conditions,  as  in  a  fire,  where  steel  not  thus  protected  would  speedily  become 
soft  and  useless. 

160.  Concrete  As  a  Rust  Protection  for  Steel. — Wliere  moisture  and  oxygen  have  access 
to  steel,  rusting  is  unavoidable.     Steel  encased  in  a  dense  concrete,  however,  rusts  little  if  any. 
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due  partly  to  the  chemical  effect  of  lime  hydrate  derived  from  the  cement,  but  more  particularly 
to  the  prevention  by  the  surrounding  concrete  of  water  having  access  to  the  steel.  But  where 
concrete  is  porous,  rusting  proceeds.  And  rusting  results  further  in  expansive  pressure,  so 
that  not  only  is  the  steel  destroyed  to  greater  or  less  extent  by  the  rusting,  but  the  protective 
casing  is  also  split  off  by  the  same  agency. 

161.  Concrete  of  Proper  Quality  the  Prime  Requisite. — It  is  evident  from  the  above  that 
in  the  concrete-steel  combination,  proper  quality  of  concrete  is  of  first  importance.  Reinforce- 
ment plays  its  chief  part  by  functioning  in  tension.  It  cannot  function  alone  in  compression, 
nor  is  it  able  to  withstand,  without  proper  bedment  in  concrete  of  good  quality,  the  destructive 
agencies  above  noted.  Reinforcement  should  be  given  its  proper  dues,  but  the  use  of  reinforce- 
ment confers  no  license  to  violate  the  rules  of  the  proper  making  of  concrete,  nor  by  its  use  is  a 
new  and  magical  substance  created.  The  first  step  in  the  successful  use  of  reinforced  concrete 
is  to  cover  the  reinforcement  with  the  best  concrete  that  can  be  produced,  which  involves  all 
the  factors  set  forth  as  influencing  concrete  when  made  without  steeL 

162.  Weight  of  Reinforced  Concrete. — Reinforcing  steel  adds  from  3  to  5  lb.  per  cu.  ft.  to 
the  weight  of  plain  concrete,  when  used  in  usual  quantities.  Reinforced  concrete  is  assumed 
in  design  to  weigh  150  lb.  per  cu.  ft.,  but  this  again  depends  upon  the  density  of  the  concrete 
surrounding  the  steel  and  upon  the  aggregate  employed  in  it.  Special  light-weight  aggregate 
employed  by  the  XJ.  S.  Shipping  Board  in  constructing  reinforced  concrete  ships  is  said  to  have 
a  weight  as  low  as  100  lb.  per  cu.  ft. 

168.  Unit  Stress  Values  for  Reinforced  Concrete. — See  the  Joint  Committee's  Report 
Appendix  /. 

CONCRETE  BUILDING  STONB 
By  Harvey  Whipple 

Concrete  stone  is  a  superior  building  unit  when  it  is  properly  made.  It  is  so  accepted  by 
discriminating  architects  for  the  better  class  of  buildings  and  other  structures,  even  in  prefer- 
ence to  and  at  a  higher  price  than  natural  stone.  This  higher  development  of  the  product  is 
not  general,  however,  throughout  the  country.  In  many  places  concrete  units  are  on  the  mar- 
ket as  scarcely  more  than  makeshift  substitutes  for  other  recognized  materials,  at  a  lower  price, 
and  attain  no  architectural  preferment. 

The  difference  in  the  development  of  concrete  stone  in  various  sections  of  the  country  may 
be  attributed  in  a  general  way  to  purely  economic  causes.  In  places  at  sufficient  distance 
from  sources  of  other  building  materials — either  quarries  or  kilns — manufacturers  have  been 
encouraged  to  develop  their  methods  and  their  facilities  so  as  to  produce  concrete  stone  of  very 
high  structural  and  architectural  quality.  In  other  sections,  near  to  large  natural  stone  and 
burned  clay  producing  centers,  concrete  stone  has  been  made  chiefly  with  the  thought  to  undersell 
the  established  products  and  here  the  quality,  generally  speaking,  is  not  so  high,  either  from  the 
structural  or  the  architectural  viewpoint. 

Another  very  important  factor  in  the  general  advancement  of  the  concrete  stone  manu- 
facturing industry  lies  in  the  fact  that  the  cheaper,  more  common,  and  thoroughly  ugly  con- 
crete building  block  have  been  recognized  very  easily  by  the  public  as  concrete — or  as  ordinarily 
termed;  "cement  block.''  On  the  other  hand,  the  better  quality  concrete  stone  building  units 
are  not  recognized  by  the  general  public,  nor  for  that  matter  by  many  architects,  as  concrete. 
The  good  cone  ete  units,  except  on  close  inspection,  appear  to  the  casual  eye  to  be  natural  stone 
while  all  the  bad  units  come  plainly  enough  within  the  category  of  "cement  block." 

164.  Grades  of  Concrete  Building  Stone. — Superior  grades  of  concrete  stone  building 
units  are  made  to  measure  from  architects'  details,  and  are  surface  dressed  to  reveal  texture 
and  color.  They  rival  natural  stone  in  every  way,  and  in  many  instances  are  far  less  likely  to 
suffer  discoloration  and  disintegration  from  exposure  to  the  atmosphere  and  to  frost.  There 
is  a  great  difference  between  such  concrete  stone  building  units  and  the  ordinary  concrete  build- 
ing block,  made  in  machines  or  multiple  molds  in  standard  unit  sizes.     Again  there  is  a  very 


988 


HANDBOOK  OF  BUILDING  CONSTRUCTION 


[Sec.  7-155 


great  difference  among  products  of  standard  machines  or  multiple  molds^  depending  upon  the 
extent  to  which  the  manufacturer  has  been  ruled  by  a  desire  to  make  a  cheap  product — some- 
thing to  urge  upon  the  public  for  basement  walls  only,  or  for  the  upper  walls  of  cheap  houses 
that  might  otherwise  be  built  of  wood — or  by  a  desire  to  make  a  truly  architectural  product  to 
compete  upon  an  equal  basis  with  good  face  brick,  with  terra  cotta,  or  with  natural  stone,  as 
the  case  may  be. 

Each  of  these  various  grades  of  concrete  stone  is  to  be  had,  some  of  them  all  together  in  one 
locality,  others  dominating  a  locality  to  the  exclusion  of  other  grades  of  products.  Each  one 
of  them  has  its  uses. 

166.  Uses  of  the  Cheaper  Grades  of  Concrete  Stone. — The  cheapest  grade  of  all  is  a  very 
poor  concrete  block  with  a  compressive  strength  less  than  1200  lb.  per  sq.  in.,  or  an  absorption 
greater  than  15  %  of  its  weight  of  water  in  a  24-hr.  immersion  test.  Products  even  of  this  low 
quality  may  very  well  be  considered  for  use  upon  an  equal  basis  with  the  ordinary  run  of  com- 
mon brick  in  the  construction  of  the  walls  of  ordinary  residences  or  in  most  other  structures 
where  the  cheaper  masonry  work  is  required.  Such  use  of  concrete  building  block  would 
scarcely  have  come  into  question  but  for  the  mistake  of  early  manufactures  in  urging  the  use 
of  such  block  in  walls  with  the  interior  plastering  applied  direct  to  the  block  instead  of  on  lath 
over  furring  strips. 

The  so-called  rock-face  block  has  done  much  to  injure  the  standing  of  the  material  generally — another  outcome 
of  the  d^re  to  imitate.  Plain  rough  block,  made  with  aggregate  aa  coarse  as  the  limitations  of  manufacturing 
operations  will  permit,  make  a  handsome  wall.  Another  increasing  use  of  plain  rough  faced  block  is  as  a  base  for 
stucco  finish  of  various  color  and  texture  effects. 


166.  Methods  of  Manufacture. 

166o.  Dry-tamp  Method. —  *  Dry-tamped" 
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55.^Horiiontal  cross-sections  of  representative  types  of 

concrete  block. 


products  have  been  by  far  the  most 
common.  The  molding  equipment 
used  has  been  the  most  abused.  It 
is  still  used  by  numerous  manu- 
facturers who  fail  to  insist  upon  the 
first  essentials  of  good  concrete  and 
yet  other  manufacturers  are  making 
excellent  units  with  similar  ma- 
chines. The  mixture  of  concrete 
ranges  in  consistency  from  slightly 
more  than  damp  to  that  degree  of 
wetness  which  will  just  stand  up 
when  the  mold  is  removed  immedi- 
ately after  each  operation.  The  concrete  is  tamped  into  place,  either  by  hand  tamps,  or  by 
pneumatically  or  electrically  actuated  tamps,  or  by  power  driven  tampers  operated  from  a 
framework  built  above  the  molding  machine,  and  with  tamping  heads  to  fit  the  mold 
box  in  use.  Good  products  are  made  by  any  of  the  three  methods  of  tamping,  but 
the  most  dependable,  because  its  results  are  not  discounted  by  fatigue  in  the  operator,  is  with 
the  power  driven  equipment. 

"Stripper**  Block. — If  block  or  tile  are  to  be  produced  solely  for  structural  purposes,  probably  the  simplest 
molding  operations  are  attained  in  that  type  of  machine  which  produces  the  block  upright  in  the  mold  and  in  the 
machine  introducing  and  removing  the  cores  forming  the  hollow  space  in  an  upward  and  downward  motion. 
Thus  the  faces  of  the  block  are  always  perpendicular  to  the  bed  of  the  machine,  and  the  block  is  "stripped"  out 
of  the  mold  with  a  trowelling  action  on  its  sides.  Such  equipment  permits  the  use  of  concrete  of  more  nearly  ideal 
consistency  than  tamp  equipment  of  other  tjrpes. 

Faced  Block. — When  block  are  to  be  produced  faced  with  a  special  facing  mixture,  used  only  in  a  thin  layer 
next  to  the  exposed  face  or  faces,  the  machine  chosen  will  be  of  the  face-up  or  face-down  type.  It  will  readily 
be  seen  that  where  a  layer  of  si>ecial  material  is  to  be  backed  up  with  a  different  body  mixture  of  concrete,  the  mold- 
ing operation  will  be  much  more  simple  if  the  facing  is  placed  in  a  layer  on  the  bottom  or  else  on  the  top;  in  either 
case  on  a  horizontal  surface.  fVhere  more  than  one  side  of  a  block  is  to  be  faced  it  is,  of  course,  a  comparatively 
simple  matter,  but  less  rapid,  to  put  the  facing  at  the  side. 

Operation  of  Corst.— The  manufacture  of  hollow  units,  in  which  from  25  to  50  %  of  the  horisontal  area  of  a  block 
is  air  space,  involves  a  variety  of  machine  features  is  the  creation  of  air  spaces  (see  Fig.  55). 
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In  most  machines  the  cores  are  introduced  into  the  mold  box  by  a  movement  of  a  lever  after  a  part  of  the  mixed 
concrete  has  been  deposited  and  compacted.  The  remaining  space  between,  around  and  above  the  cores  is  filled 
and  compacted  and  the  excess  material  struck  off,  either  by  a  movement  of  a  hand  straight-edge  or  by  a  device 
forming  a  part  of  the  machine. 

Some  machines  provide  for  the  withdrawal  of  these  cores  horiaontally,  and  some  equipment  is  so  designed  that 
after  the  box  is  filled  the  mold  box  is  turned  over;  the  core  is  then  removed  by  a  downward  motion.  The  chief 
value  of  equipment  which  provides  that  the  cores  shall  be  withdrawn  downward  is  in  the  fact  that  the  walls  and 
the  cross-webs  of  the  block  stand  vertically  on  the  pallet  before  the  support  of  the  cores  is  removed.  This  reduces 
the  tendency  of  the  walls  of  the  block  to  sag  into  the  hollow  space  or  spaces.  Such  equipment  usually  i>ermits 
the  use  of  a  slightly  wetter  mixture  of  concrete  than  can  be  used  in  a  machine  with  similar  core  areas  where  the  core 
is  withdrawn  horizontally,  inasmuch  as.  with  given  materials,  the  tendency  to  sag  increases  (beyond  a  certain  degree 
of  minimum  wetness)  with  the  proportion  of  water  in  the  mixture. 

The  cores,  as  the  block  is  molded,  are  in  a  horisontal  position  and  the  block  in  its  vertical  dimension  is  thus 
also  in  a  horisontal  position. 

166&.  Pressure  Method. — The  application  of  pressure  in  compacting  concrete 
is  accomplished  in  both  hand  and  power  driven  equipment.  Pressure  machines  are  made  for 
the  exertion  of  mechanical  pressure  by  hand  or  power,  and  other  machines  are  hydraulic  in  their 
application  of  pressure. 

In  their  operation  it  is  generally  possible  to  use  a  slightly  wetter  mixture  than  can  be  suc- 
cessfully manipulated  under  most  machines  which  rely  upon  tamping  in  securing  density,  yet 
in  this,  as  in  tamp  machines,  much  depends  upon  how  the  product  is  released  from  the  mold. 
Too  wet  a  mixture  in  a  dry-tamp  machine  will  be  displaced  by  tampers,  rather  than  compacted. 
In  pressure  machines  the  compacting  force  is  exerted  evenly  over  the  entire  area  of  the  mold  box, 
and  displacement  is  impossible. 

166c.  Wet-cast  Method. — "  Wet-cast"  products  are  made  by  two  distinctly  diff- 
erent methods  and  with  entirely  different  results. 

To  meet  the  criticism  of  concrete  block  made  by  the  "dry-tamp'"  method  that  they  were 
made  so  dry  that  they  were  thirsty  in  every  rain  that  followed  (which  was  undoubtedly  true  of 
many  products),  multiple  steel  molds  came  into  use.  These  gang  molds  are  ordinarily  made  of 
sheet  and  pressed  steel.  The  molds  are  usually  mounted  upon  trucks  so  they  may  be  moved  to 
the  mixer,  filled,  and  rolled  away  to  harden  until  the  following  day  when  the  mold  sections  are 
taken  down,  oiled,  and  reassembled.  Such  multiple  molds  have  cores  formed  also  of  pressed 
steel  and  these  lie  in  the  molds  in  a  horizontal  position.  To  fill  the  molds  rapidly  around  these 
cores  the  block  manufacturer  frequently  goes  as  far  to  the  extreme  of  wetness  as  the  dry-tamp 
manufacturer  goes  in  the  other  direction. 

The  other  wet  mix  method  of  manufacture  involves  the  use  of  sand  molds,  not  unlike  those  used  in  iron  foun- 
dries. The  sand  mold  method  involves  the  making  of  special  patterns,  under  and  aroimd  which  the  sand  is  tamped 
on  the  casting  floor.  Then  the  patterns  are  removed  in  one  piece,  if  it  is  so-called  "straight"  work,  or  in  several 
pieces  as  previously  provided  to  meet  the  requirements  of  the  special  unit.  The  sand  mold  remaining  is  filled  with 
a  wet  but  smoothly  mixed  concrete  and  most  of  the  excess  water  is  taken  up  by  the  mold  itself,  with  a  result  mueh 
different  from  that  obtained  when  an  equally  wet  mix  is  cast  in  a  tight  mold  of  wood,  steel,  or  plaster. 

167.  Consistency. — While  the  study  of  concrete  has  led  the  industry  through  dry  mixes 
which  must  be  tamped  and  wet  mixes  which  must  be  puddled,  it  is  now  well  established  that 
Portland  cement  requires  a  definite  quantity  of  water  to  effect  its  hydration^  and  that  the  use 
of  water  in  that  quantity,  other  factors  remaining  equal,  gives  a  product  of  maximum  strength 
and  density.  It  has  been  shown  by  plotting  the  results  of  using  various  percentages  of  water 
that  the  quality  of  the  concrete  falls  off  very  rapidly  on  both  sides  of  the  peak  of  the  curve. 

The  best  tamped  product  will  show  web-like  water  markings  when  released  from  the 
mold  in  which  it  has  been  compacted.  The  ideal  consistency  would  cause  the  concrete  to  sag 
slightly  when  released  from  the  mold.  The  use  of  such  a  mix  is  impracticable  with  equipment 
which  requires  the  immediate  release  of  the  product  from  the  mold.  The  nearest  approach  to 
the  ideal  mix  is  probably  attained  in  the  use  of  the  ''stripper''  machines,  and  in  the  use  of  ma- 
chines where  the  concrete  is  shaped  under  pressure  with  no  horizontal  webs  to  break  down  over 
the  arches.  A  very  few  manufacturers  cast  trim  stone  in  special  wood  molds  using  a  mixture  of 
practically  ideal  consistency  and  with  no  attempt  to  remove  the  mold  from  the  product  until 
several  hours  after  placing.     The  ordinary  dry-tamp  and  ordinary  wet-cast  concrete  generally 
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used  in  block  and  stone  manufacture,  are  both  wrong — they  depart  from  the  ideal  in  opposite 
directions,  but  for  a  choice  between  them  it  is  probably ''  six  of  one  and  half  a  dozen  of  the  other." 
The  tamped  product  will  be  improved  when  the  manufacturer  sees  to  it  that  a  maximum 
amount  of  water  is  used ,  the  wet  cast  product  will  be  improved  by  an  insistence  upon  a minimiun 
of  water. 

Careful  workmanship  will  admit  of  tudng  more  water  in  tamped  concrete,  even  with  equipment  least  adapted 
by  mechanical  limitations  to  the  work.  The  deficiency  of  water  will  be  less  disastrous  when  the  finished  product 
is  hurried  to  curing  rooms — to  atmospheric  conditions  which  prevent  the  concrete,  already  deficient  in  water, 
from  losing  by  evaporation  any  of  the  moisture  it  contains,  so  that  all  that  moisture  may  be  utilised  in  hydrating 
the  cement. 

The  tamped  product  will  be  improved  by  the  perfection  of  equipment  so  that  a  wetter  mix  may  be  employed. 
This  may  be  along  the  line  of  so-called  "stripper"  machines,  the  units  standing  with  webs  and  cores  vertical. 
Such  equipment  now  available  produces  only  plain  units — none  with  a  special  facing  mixture.  Tamped  products 
will  imdoubtedly  be  improved  by  tamping  the  concrete  in  thinner  layers  than  does  most  available  equipment,  and 
by  a  combination  of  tamping  and  pressing  over  the  whole  surface  so  that  tbe  tamper  bars  will  not  chum  and  dis- 
place more  than  they  compress. 

The  wet  cast  product  can  be  improved  by  less  water  and  by  more  thorough  mixing.  Longer  and  more  thorough 
nuxing  produces  a  mixture  more  easily  placed  than  one  with  an  excess  of  water  and  inadequate  mixing.  The  rule 
should  be:  nAtract  water  and  add  mixing.  Within  certain  limits  the  same  plasticity,  the  same  flowing  quality, 
can  be  obtained  with  less  water.  An  excess  of  water  and  inadequate  mixing  frequently  give  a  concrete  in  which 
the  ingredients  separate — water  and  cement  separating  from  the  sand  and  stone. 

The  smoothest  flowing  concrete  in  the  products  field  is  necessary  in  the  manufacture  of  concrete  stone  cast  in 
sand  molds.  The  writer  has  observed  in  the  last  few  years  a  marked  tendency  among  manufacturers  of  such  stone 
to  use  a  concrete  with  far  less  excess  water. 

It  is  common  to  let  Uie  drum  of  the  mixer  turn  for  a  minimum  of  5  min;  and  then  to  transfer  the  batch  to  a 
mechanical  agitator  (which  is  really  another  mixer)  suspended  from  a  crane,  which  moves  about  the  casting  room 
where  the  sand  molds  are  filled.  The  batch  or  a  portion  of  it  is  frequently  mixed  continuously  for  15  to  20  min. 
before  being  deposited.  The  concrete  so  mixed  is  almost  fluid,  but  extremely  homogeneous,  excess  water  being 
at  a  minimum  and  almost  unobservable.  When  poured,  ^-in.  stone  does  not  settle,  but  remains  in  suspension 
and  but  little  water  comes  to  the  top.  When  poured  into  molds  it  flattens  out  on  top  slowly  and  smoothly  and  not 
in  a  soupy  rush.  In  spite  of  progress  in  the  use  of  less  water  in  necessarily  wet  concrete,  it  should  be  realised  that 
this  is  not   the  ideal  mix. 

Good  building  imits,  suitable  for  creditable  construction  and  showing  qualities  imder  tests  for  both  strength 
and  absorption  which  are  satisfactory  imder  rigorous  building  regulations,  can  be  made  and  are  made  with  each 
one  of  the  three  types  of  equipment, — tamping,  pressure,  and  wet-cast. 

168.  Standard  Concrete  Stone  Units. — Concrete  block  as  usually  made  in  standard  ma- 
chine or  multiple  mold  equipment  are  usually  from  8  to  12  in.  thick,  8  to  12  in.  high,  and  16  to 
32  in.  long.  The  8  X  8  X  16-in.  block  are  the  most  common.  Blocks  that  are  24  in.  long  are 
probably  the  most  popular  with  the  architects.  Practically  all  the  machines  in  common  use 
making  building  block,  turn  out  products  that  have  one  or  more  hollow  spaces.  The  value  of 
the  hollow  space  lies  in  the  fact  that  it  economizes  material,  giving  a  product  of  much  less  weight 
than  would  be  possible  if  made  solid,  and  in  the  fact  that  it  provides,  as  laid  up  in  the  wall,  a 
series  of  air  ducts  which  are  valuable  as  insulation  against  temperature  changes  and  as  a  barrier 
to  the  passage  of  moisture  from  one  side  of  the  wall  to  the  other.  A  chief  point  of  difference 
among  the  scores  of  block  machines  on  the  market  is  in  the  way  in  which  these  air  spaces  are 
provided,  and  in  general  it  may  be  said  that  that  block  is  best  which  comes  nearest  to  supplying 
a  continuous  air  space,  yet  with  a  reservation  in  this  respect:  that  the  strength  of  the  individual 
unit  and  the  stability  of  a  wall  are  features  of  more  consequence  than  air  space  and  not  to  be 
sacrificed  in  any  event. 

With  this  idea  of  the  value  of  air  space,  machines  are  on  the  market  which  produce  concrete 
block  in  which  each  wall  unit  is  made  up  of  two  separate  pieces  of  concrete  connected  by  metal 
ties.  This  type  has  been  criticised  from  an  engineering  standpoint,  because  it  is  said  that  the 
metal  ties  are  likely  to  rust  out  and  leave  no  bond  between  the  two  parts  of  the  wall.  As 
opposed  to  this  theory,  however,  many  buildings  have  been  in  use  for  a  sufficient  number  of 
years  to  give  this  type  of  block  construction  a  reasonably  good  standing,  and  the  success  of 
this  type  would  undoubtedly  depend  in  great  measure  upon  the  tendency  of  the  particular  block 
manufacturer  to  make  a  block  which  would  not  absorb  moisture  and  pass  it  through  to  the  air 
space  to  the  metal  ties. 
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Coins  itill  further  in  the  development  of  the  idea  of  air  si>aoe  in  the  wall,  machinery  it  available  to  j>roduoe  eo- 
oalled  two-piece  block  to  be  laid  up  in  a  wall  in  euoh  a  way  as  to  produce  a  maximum  of  air  space  and  yet  with 
systematic  bond  of  concrete  between  the  two  faces  of  the  wall.  A  two-lug  block  is  made  for  light  construction, 
the  face  of  the  block  being  but  2  to  3  in.  thick,  with  projecting  lugs  giving  a  total  wall  thickness  of  8  in.  Furring  is 
done  on  the  lugs.  Blocks  are  also  made  which  have  a  triide  series  of  air  spaces,  the  central  series  for  grouting  and 
reinforcing,  so  that  a  grid  is  formed  as  the  blocks  are  laid  up  (without  mortar). 

In  addition  there  are  structural  tile — light,  thin-walled,  hollow  units,  which  are  manufactured  rapidly  on 
power  equipment  for  exterior  wall  construction,  where  a  veneer  of  stucco  or  some  other  facing  is  to  be  used,  and  for 
interior  partitions  to  be  plastered,  or  for  expoeed  walls  when  surface  texture  or  design  is  not  of  consequence.  It  is 
manufactured  in  a  small  unit  and  in  various  multiples  of  that  unit.  One  machine  involves  the  use  of  knives  and 
plimgers  which  out  the  partially  molded  concrete  and  force  out  the  center,  compressing  the  walls  of  the  tile.  An- 
other type  of  machinery  for  the  manufacture  of  structural  tile  uses  a  very  wet  mix.  The  tile  are  made  vertically 
and  the  molds  of  the  machine  are  steam  heated,  thus  securing  an  acceleration  of  setting  in  the  cement. 

Brick  manufacture  is  a  line  which  should  show  strong  development  in  any  field  to  which  clay  brick  have  to  be 
shipped,  or  in  any  location,  providiiig  the  manufacturer  chooses  to  develop  his  product  as  a  facing  material  with 
architectural  appeaL 

Aggressive  promotional  work  of  manufacturers  of  roof  tile  making  equipment  and  the  initial  success  of  some 
new  roof  tile  factories  have  aroused  an  interest  in  this  product. 

Concrete  roofing  tile  are  not  a  new  factor  in  the  concrete  products  field.  Instances  of  their  successful  manu- 
facture and  satisfactory  use  have  been  noted  in  the  technical  press  from  time  to  time  for  10  yr.  or  more. 

169.  Materials. — Any  standard  Portland  cement  is  suitable.  Some  manufacturers  insist 
upon  a  particularly  well-aged  cement  and  buy  from  those  manufacturers  whom  they  believe 
send  out  a  cement  of  that  character.  This  is  because  surface  shrinkage  of  hardened  products 
with  resulting  checking  in  fine  hair  cracks  is  believed  to  be  induced  by  the  use  of  ''hot''  cement. 
Various  brands  of  cement  are  sometimes  preferred  for  the  sake  of  color^  as  some  cements  give  an 
almost  white  product  while  others  are  of  a  dark  slate  color. 

Aggregate,  besides  conforming  to  the  usual  specifications  as  to  cleanness,  hardness,  and  character  of  grading, 
is  more  strictly  limited  as  to  maximum  sise  than  in  the  usual  field  work.  This  is  true  not  only  because  aggregate 
should  not  be  larger  than  one-half  the  smallest  section  of  the  product,  but  the  sise  is  further  limited  by  the  molding 
processes,  large  aggregates  showing  a  tendency  to  fall  out  of  fresh  products  by  the  tamp  process  and  a  tendency  to 
excessive  segregation  in  the  wetter  mixes.  In  addition,  aggregate  is  chosen  for  its  surface  color  and  texture  value 
in  products  subjected  to  any  special  surface  treatment  where  the  aggregate  is  exposed  by  removal  of  the  covering 
film  of  cement. 

160.  Trim  Stone  and  Ornamental  Work  from  Special  Molds. — The  manufacture  of  trim 
stone  or  architectural  stone  and  ornamental  objects  used  in  connection  with  building  construction 
or  as  garden  appurtenances  to  residential  architecture  is  a  separate  and  distinct  field  of  work 
from  that  involved  in  making  standard  building  units  of  any  one  of  the  various  block  types. 

The  two  operations  are  frequently  carried  along  together  under  the  same  roof,  but  one 
department  of  the  enterprise  usually  dominates  the  other. 

The  architect  or  other  prospective  user  of  concrete  architectural  stone,  will  find,  if  he  looks 
very  far  into  the  matter  of  its  production,  that  there  can  scarcely  be  said  to  be  a  standard  prod- 
uct. In  various  localities,  from  various  factories  the  range  of  quality  is  very  wide.  The  char- 
acter of  the  product  varies  from  concrete  trim  stone  of  the  very  highest  quality,  not  infrequently 
specified  for  work  of  a  character  which  it  was  once  thought  could  be  maintained  only  with 
marble  or  granite,  to  the  dullest  and  most  uninteresting  building  units  imaginable.  The  varia- 
tion is  not  merely  in  appearance  but  is  to  be  found  in  the  structural  quality  of  the  stone — some 
of  it  very  dense,  hard,  and  with  the  cleanest,  sharpest  arises  and  other  products  porous,  sugary, 
and  ragged  at  the  edges. 

It  is  not  therefore  enough  to  accept  perhaps  the  lowest  of  a  number  of  competitive  bids.  If  the  prospective 
user  has  not  seen  plenty  of  evidence  of  the  character  of  the  work  of  the  manufacturer  whoee  products  he  proposes 
using,  he  will  do  well  to  look  into  the  manufacturer's  factory,  find  out  something  of  his  methods,  of  his  equipment, 
and  the  experience  he  has  had  in  work  of  a  like  character.  Big  jobs  of  trim  stone  production  have  been  let  to 
manufacturers  who  meant  well  enough  but  who  were  utterly  lacking  in  experience  or  equipment  to  produce  dimen- 
sional casts  where  the  details  are  intricate. 

The  experienced  manufacturer  of  concrete  trim  stone  turns  out  products  from  molds  of  wood,  metal,  plaster,  or 
gelatine  as  the  special  problem  indicates  and  this  is  true  even  in  large  factories  where  the  bulk  of  the  production  is 
from  sand  molds. 

161.  Surfaces. — The  architectural  surface  qualities  of  concrete  stone  have  been  highly 
developed  but  they  have  not  been  generally  developed.    The  dead,  pasty  gray  of  the  ordinanr 


992 


HANDBOOK  OF  BUILDING  CONSTRUCTION 


[Sec  7-161 


concrete  block  has  been  a  great  drawback  to  the  adoption  of  the  whole  field  of  concrete  building 
units. 

It  has  been  assumed  and  perhaps  rightly  eo,  thattbecommon  type  of  concrete  building  unit    ■ 
was  thoroughly  representative  of  the  posBibilities  with  the  roaterial.    Yet  there  are  manufao- 
turcH  producing  standard  concrete  blo4^  units  with  good  surface  values  in  both  color  and  texture. 
They  are,  however,  in  the  minority. 

When  architects  appreciate  fuUy  what  is  possible  in  the  surface  treatment  of  concrete — 
as  an  increasing  number  of  architecta  are  coming  to  appreciate  through  the  highly  developed 


le  block  with 


e  that  it  is  only  for  them 


quality  of  products  in  some  localities — they  will  be  more  keenly  a 
to  specify. 

With  a  world  of  special  aggregates  obtainable  from  which  the  architect  may  draw  for 
any  kind  of  color  scheme  and  with  numerous  methods  available  for  practical  use  for  exposing 
these  aggregates  in  the  face  of  concrete  products,  concrete  stone  has  a  promising  future,  due  to 
one  feature  alone — the  feature  of  absolute  control  in  manufacture. 

The  surfaces  of  wet  cast  stone  as  it  comes  from  the  molds  is  more  pasty  and  less  attractive 
ordinarily  than  the  surface  of  products  made  with  a  much  drier  mix  and  tamped  in  the  molds. 
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Thia  does  not  apply  where  special  methods  are  followed  to  secure  a  facing  of  special  aggregate 
that  is  placed  dry  and  held  by  the  wetter  mix  put  in  behind.  This  is  accomplished  in  the  manu- 
facture of  wet-cast  block  in  multiple  molds  when  the  face  plat«s  are  coated  with  glue  and  cov- 
ered  with  a  crushed  special  aggregate  and  allowed  to  dry  before  the  mold  is  filled  with  the  wet 
backing,  which  in  turn  loosens  the  glue  and  gripe  the  dry  uncoatcd  facing. 

Concrete  stone  made  in  sand  molds  must  at  least  be  well  cleaned  up  after  hardening,  as 
parts  of  the  sand  mold  are  found  here  and  there  cemented  to  the  stone.  The  very  least  in  the 
way  of  surface  treatment  given  auoh  products  is  a  thorough  rasping  and  usually  a  rubbing  with 
an  abrasive  material. 
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All  exposed  surfaces  of  most  high-grade  sand  cast  stone  are  cut,  revealing  the  aggregate. 
Stone  cutters  are  employed  for  the  finishing  work,  using  hand  or  pneumatic  tools,  bush  hammers, 
picks,  etc.  Stone  with  plain  flat  surfaces  are  handled  by  machinery  and  planed  down  or  cut  in 
fine  parallel  grooves  by  revolving  discs  of  carborundum. 

Where  the  aggregate  has  been  graded  so  aa  to  cover  a  large  percentage  of  the  surface,  concrete  stone  is  success- 
fully polished  and  given  a  fine  gloss  by  the  same  methods  of  grinding,  sanding,  and  rubbing  as  are  used  in  the 
natural  stone  industry  in  finishing  marble  and  granite.  It  must,  of  course,  be  considered  that  it  is  the  stone  in  the 
surface  that  takes  the  polish  and  not  the  cement,  so  that  the  success  of  the  result  depends  a  great  deal  upon  the  care 
that  has  been  exercised  in  getting  a  mix  that  will  give  a  high  percentage  of  stone  surface. 

Most  of  the  high  quality  stone  manufactured  by  the  sand  molding  method  is  of  the  same  mixture  throughout, 
but  by  far  the  greater  portion  of  concrete  trim  stone  is  made  by  the  tamp  method  and  is  faced  with  one  mixture 
and  backed  up  with  another.  In  such  work  the  quantity  of  special  aggregate  is  relatively  small  and  there  are  great 
IKMsibilities  for  very  beautiful  effects  at  a  small  increase  in  cost. 

Facings  as  most  commonly  used  are  mixtures  of  gray  or  white  cement  with  fine  sand,  either  white,  buff,  or 
yellow,  or  with  fine  crushed  marble.  Most  of  the  surfaces  are  smootn  in  mixtures  of  one  part  cement  to  2,  2Hi  or 
3  parts  of  fine  aggregate.  Color  is  sometimes  obtained  in  the  mortar  binding  the  aggregates  by  the  use  of  mineral 
color  with  the  cement  in  small  quantities.  Such  facing  mixtures  can  be  vastly  improved  in  two  ways:  (1)  By  using 
coarser  facing  aggregates  to  give  more  rugged  texture,  more  the  effect  of  a  mateiial  made  by  binding  together  with 
cement  a  composite  product  of  natural  stone;  and  (2)  by  such  a  treatment  of  resulting  surface  as  will  expose  aggre- 
gates to  view. 

Most  concrete  stone  has  been  of  cement  color  and  there  is  no  good  reason  why  it  should  be.  The  cement  is  merely 
a  binder,  a  mineral  glue.  The  beauty  lies  in  the  particles  which  are  bound  together.  The  cement  may  be  removed 
from  the  exposed  surfaces  in  sereral  ways.  One  way  is  to  spray  tamped  products  with  water  when  they  are  first 
removed  from  the  molds,  using  a  noisle  giving  a  fine  diffused  mist,  applied  however  with  some  force — usually  with 
a  pressure  of  about  40  lb.  Care  must  be  exercised  not  to  wash  out  too  much  cement  and  not  to  leave  the  face 
streaked.  Some  manufacturers  do  the  sprasdng  with  the  product  lying  face  up  on  its  pallet  and  others  turn  the 
block  so  that  the  face  is  vertical.  The  former  is  probably  the  better  way  since  it  has  a  tendency  to  drive  the  cement 
which  is  washed  off,  into  the  stone,  where  with  the  additional  water  of  the  spray,  a  denser  matrix  is  formed  for  the 
exposed  aggregate. 

Another  surface  treatment  is  in  brushing  when  the  product  is  from  6  to  24  hr.  old,  depending  upon  curing 
conditions  and  consequent  rapidity  of  hardening.  Experience  alone  will  determine  in  particular  cases  the  proper 
time  to  brush  the  surface  cement  away  and  expose  the  aggregate  to  best  advantage  without  dislodging  aggregate, 
and  at  the  same  time  accomplish  the  desired  result  most  economically.  Brushing  may  be  done  with  stiff  fiber 
bnishes,  or  with  brushes  made  by  clamping  together  small  sheets  of  wire  netting.  Much  depends  upon  the  charac-. 
ter  of  the  face  to  be  brushed.  Plenty  of  water  is  used  while  the  brushing  is  in  progress.  Satisfactory  results  are 
more  apt  to  be  obtained  with  rather  coarse  facing  mixtures  in  which  a  minimum  of  sand  is  used.  In  other  words, 
only  enough  mortar  should  be  used  in  the  facing  mixture  to  bind  the  aggregates,  which  may  vary  from  fine  sand-like 
particles  to  pieces  of  1-in.  sise.  Many  different  effects  are  obtainable  with  only  a  small  variety  of  facing  aggregates 
by  using  different  gradings  and  blendings  and  combining  colors  in  different  sixes.  For  such  work  it  is  not  necessary 
in  many  cases  to  go  far  afield  foi  a  facing  material.  Local  stone,  crushed,  screened,  and  graded  will  give  excellent  * 
results  and  at  the  same  time  lend  to  the  products  the  advantage  of  local  colorings  and  characteristics. 

Surfaces  may  be  further  cleaned  and  brightened  by  the  use  of  a  wash  of  commercial  muriatic  add  and  water 
from  20  to  50  %  in  strength  depending  upon  the  age  of  the  concrete.  The  older  and  thicker  the  cement  film,  the 
harder  th«  work  the  add  must  do. 

Add  is  used  a  great  deal  in  finishing  fine  ornamental  work  and  where  there  are  fine  lines,  care  must  be  exercised 
that  the  add  does  not  eat  too  far.  The  action  of  the  add  may  be  stopped  at  any  time  by  the  application  of  plei|« 
ty  of  water. 

162.  Standards  and  Specifications. — Building  regulations  must  always  be  on  the  side  of 
materials  having  more  strength  than  is  necessary.  Yet  under  some  regulations  to  which  con- 
crete units  are  pubjected  there  should  undoubtedly  be  a  new  reckoning,  a  new  starting  place, 
and  products  should  be  graded  according  to  their  uses  and  in  some  relation  to  the  requirements 
of  other  materials. 

It  is  not  paying  any  tribute  to  the  qualities  of  properly  made  concrete  products  to  require 
that  their  strength  in  compression  shall  be  no  more  than  1000  lb.  per  sq.  in.  of  net  cross-sectional 
area.  This  means  that  an  ordinary  standard  block,  with  a  core  or  hollow  area  of  33^  %  shall 
withstand  a  compression  of  only  666^^  lb.  per  sq.  in.  of  gross  area.  Yet  in  actual  building 
practice  there  should  be  recognition  of  the  fact  that  with  this  comparatively  low  strength,  there 
is  an  ample  factor  of  safety  in  the  construction  of  ordinary  dwellings,  even  with  8-in.  block  only. 

Yet  it  is  unfair  to  the  manufacturer  of  concrete  units  which  withstand  a  compression  of 
2000  lb.  per  sq.  in.  of  net  area  and  vastly  more  unfair  where  products  test  as  high  as  4000  lb. 
per  sq.  in.,  to  class  all  concrete  units  together  in  a  regulation  which  fixes  the  standard  by  the 
value  of  the  product  with  the  lowest  strength. 
63 
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Manufaoturen  whose  prooesaes  have  been  highly  developed  and  whoee  factory  efBdeney  has  been  built  up  to 
the  exactions  of  high  standards,  should  go  very  slowly  in  any  organised  effort  to  lower  the  standards  of  building 
requirements  so  that  there  is  no  recognition  of  high  qiuillty  products. 

While  it  is  unquestionable  that  the  highest  standards  of  quality  cannot  be  attained  with  equipment  designed 
and  utilised  for  the  most  rapid  production  for  the  lowest  investment,  it  is  also  unquestionable  that,  even  with  machi- 
nery in  its  present  state  of  development  products  can  be  made  of  vastly  higher  quality  than  the  average  product 
now  made  with  such  equipment. 

Concrete  block  which  will  test  at  1000  lb.  per  sq.  in.  in  compression  and  show  as  high  as  10  %  of  absorption,  are 
good  units — good  for  certain  uses.  In  taking  this  stand  there  should  be  a  full  consideration  of  the  present  develop- 
ment of  building  construction  with  all  materials  available  and  generally  recognised  in  the  building  material  mrket. 
It  is  obviously  an  unfair  discrimination  to  reqiiire  that  a  concrete  unit  shall  absorb  no  more  than  7  %  of  its  weight  of 
moisture  in  48  hr.  immersion,  because  a  like  degree  of  density  is  not  required  of  other  materials. 

Specifications  for  concrete  building  stone  are  given  in  Appendix  S. 


ARCHITECTURAL  TERRA  COTTA 

Bt  D.  Knickerbacker  Botd 

Architectural  terra  cotta  is  a  burned  clay  product.  Due  largely  to  its  being  molded  in  a 
plastic  state,  it  possesses  qualities  which  give  it  distinctive  character;  and  it  should  be  used  in 
such  a  way  that  its  individuality  will  be  expressed.  By  its  use  various  surface  treatments, 
such  as  modeling  or  decoration,  texture,  and  color,  may  be  procured  and  combined  in  one  ma- 
terial. It  is  fire  resistive  throughout  and  its  surface  is  practically  non-absorbent.  It  is 
adaptable  for  face  work  or  for  trimmings  in  connection  with  masonry,  steel,  and  concrete  con- 
struction, and  for  ornamentation  in  connection  with  other  materials. 

163.  Raw  Materials. — In  the  manufacture  of  terra  cotta,  clays  of  a  high  quality  must  be 
used,  and  the  proper  selection  and  proportioning  of  these  clays  is  of  prime  importance.  Even 
though  the  same  body  is  used  for  all  the  various  colors,  finishes,  and  surfaces,  as  is  the  practice  in 
most  terra  cotta  plants,  it  is  nevertheless  seldom  that  any  one  locality  furnishes  all  the  clays 
required  for  a  first-class  terra  cotta  body.  A  partial  vitrification  of  this  body  is  desirable,  but 
a  clay  that  is  too  fusible  will  warp  badly  in  burning.  To  correct  this  tendency  at  least  one  of 
the  clays  should  be  a  refractory  (or  fire)  clay  and  to  further  insure  straightness,  about  one-third 
of  the  mixture  should  be  of  ground  burned  clay. 

164.  Manufacturing  Processes. — The  clays,  after  being  ground,  are  mixed  with  water 
'and  thoroughly  tempered  before  being  sent  to  the  molding  room.     Architectural  terra  cotta  is 

not  a  stock  materiaL  Every  piece  is  made  especially  for  the  building  in  which  it  is  to  be  used 
and  is  intended  to  occupy  a  certain  particular  place  in  that  building.  If  several  pieces  of  terra 
cotta  of  the  same  design,  size,  and  shape  are  required,  a  shrinkage  scale  model  of  plaster  and 
day  is  made  and  from  this  a  plaster  mold  is  taken.  When  the  molds  are  dry,  the  plastic  clay 
is  pressed  into  them  by  hand  and  when  partially  dry  is  removed. 

Only  one  mold  is  required  for  all  pieces  of  the  same  size  and  design  and  for  this  reapon  orna- 
mentation in  terra  cotta,  especially  repeated  ornament,  is  less  expensive  than  with  materials 
requiring  separate  cutting  and  carving  for  each  individual  piece.  The  use  of  the  same  mold  for  a 
large  number  of  pieces  would,  perhaps,  give  a  mechanical  effect  if  each  piece  were  not  retouched 
after  being  removed  from  the  mold.  This  retouching  is  done  by  the  molder  or  carver  if  the 
work  is  of  a  decorative  nature,  or  by  the  clay  finisher  if  only  truing  up  or  undercutting  is  re- 
quired. 

In  the  case  of  ornamental  work,  if  only  one  or  two  pieces  are  to  be  made  of  the  same  design  and  sise,  and  no 
repetition  is  intended,  the  clay  is  modeled  by  hand  into  the  required  shape,  and  molds  are  not  used.  The  models, 
whether  molds  are  required  or  not,  can  be  studied,  improved,  or  modified  before  being  burned.  The  architect 
sometimes  examines  the  model  in  person  and  alterations  are  then  made  directly  under  his  eye  and  sometimes 
photographs  are  made  and  sent  to  him  for  his  criticisms. 

After  being  removed  from  the  molds,  the  product  is  carefully  dried  and  the  color  applied.  This  is  done  l>y 
spraying  on  the  exposed  surfaces  a  thin  "slip"  or  liquid  mixture  of  a  predetermined  character,  which,  when  burned, 
gives  the  desired  color  and  surface  finish. 

The  terra  cotta  is  then  burned  in  kilns  at  a  temperature  of  about  2250  deg.  F.,  where  it  remains  from  7  to  15 
daysi  according  to  the  sise  of  the  kilns  and  the  time  required  for  co<4ing  before  removaL     In  the  drying  and  burning 
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j^Asaembling. — Before  shipping  the  terra  cotta  to  the  work,  each  piece  is  numbered 

illy  fitted.     The  fitting  operation  consists  in  placing  the  variouH  pieces  in  the  relative 

■  which  they  would  have  in  the  building  and  then  trimming  the  joints  where  necessary 

«  pieces  will  all  fit  accurately  together.     By  the  use  of  a  rubbing  bed  the  joints  may 

_    ~  1  absolutely  straight  line,  in  the  same  manner  that  stone  is  rubbed.     The  tub- 

A-the  joints  is  a  great  advantage  where  absolute  alignment  of  the  pieces  is  especially 

B  moat  frequently  required  for  work  in  connection  with  entrances  and  lower 
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tfWB.  For  work  at  a  height  of  30  ft.  or  more  above  grade,  the  rubbing  of  joints  ia  usually 
;Hded  as  an  unnecessary  e^ipense.  Rubbed  joints  should  be  uniformly  true  and  not  less 
Ui  H  in.  nor  mor«  than  ?{«  in.  wide.  Other  joints  should  be  carefully  fitted  and  should  not 
Imb  than  }>i  in.  nor  more  than  %  in.  wide. 

Tha  numberiiui  operation  eonakls  in  maridna  euh  irieee  to  comapond  nitb  b  number  placed  on  the  Httinc 
MB0^  (uU  and  eamplete  leM  ot  irhieh  are  lumiibed  by  the  maaufaclurer.  Setting  drawinai  ibow  the  aiie  of 
It!  lo  be  OMd  for  tlie  varioiu  portioni  of  the  work  and  the  postion  of  each  block  in  the  building. 

^  146.  ftotoctlon  In  Shipping. — Aft«r  numbering,  the  work  is  ready  for  delivery  and  is 
ppMl  to  the  building.  In  shipping  terra  twtta,  each  piece  should  be  carefully  packed  in  hay 
Hn*;  and  oruimentat  or  projecting  members  should  in  addition  be  protected  by  boxing 
"■"■^    Hh  Mine  care  sliould  be  exercised  If  the  material  ii  stored  at  tiie  nte, 
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167.  Sizes  and  Characteristics. — Terra  cotta  is  usually  made  in  blocks  24  to  30  in.  long  and 
of  a  height  less  than  this,  the  exact  height  determined  by  the  character  of  the  work.  Owing  to 
the  tendency  of  large  clay  products  to  warp  in  burning,  extremely  large  blocks  are  difficult  to 
obtain  in  true  alignment  of  surface.  All  pieces  should  be  of  sufficient  depth  to  properly  tie  into 
the  backing.  About  4  in.  is  required  for  ashlar  work  and  for  slight  projections.  For  greater 
projections  the  block  should  be  sufficiently  deep  to  be  self-supporting  or  should  be  properly 
secured  by  anchors. 
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Ovtjl  Rai9ed  Joint 

Fio.  61. — Two  methods 
of  making  raised  joints  on 
sloping  surfaces. 


To  save  material  and  weight  and  to  lessen  the  tendency  to  warping,  blooks  are 
formed  of  an  outer  shell  connected  and  braced  by  partitions  or  webs.  These  webs  are 
usually  arranged  so  that  the  spaces  do  not  exceed  6  in.  The  outside  shells  and  the 
partitions  should  be  of  imiform  thickness,  ranging  from  1  in.  in  small  pieces  to  IH 
in.  in  large  pieces. 

Terra  cotta  should  be  well  burned;  should  give  a  sharp  metallic  ring  when  struck; 
and  sample  or  test  pieces  broken  in  two  should  show  a  uniform  fracture  and  no 
air-holes  in  spots.  The  body  should  be  hard  enough  to  resist  scratching  with  steel, 
should  be  free  from  fire  or  body  cracks  that  would  impair  its  strength  or  durability 
and  the  blocks  should  not  be  badly  warped  or  twisted.  Columns,  oomioes,  mold- 
ings, etc.,  should  be  reasonably  straight  and  true,  and  free  from  irregular  or  wavy  lines. 
Examples  of  jointing,  notes  on  sises,  and  sections  showing  the  webs  in  cylindrical 
columns  (and  base)  are  illustrated  (see  Fig.  60). 


168.  Surface,  Finish,  and  Color. — Up  to  about  30  yr.  ago,  terra  cotta  was  made  in  but  two 
colors — ^unglazed  red  and  unglazed  buff — the  red  being  the  more  widely  used,  matching  the  red 
brick  with  which  it  was  then  most  frequently  used.  At  the  present  time,  while  the  body  of 
all  good  terra  cotta  is  very  much  the  same,  by  surface  treatment  practicaly  every  color  that 
could  be  wanted  in  architectural  work  can  be  obtained.  Terra  cotta  can  be  made  similar  in 
color  and  texture  to  the  various  building  stones,  shafts  of  stone  columns  being  frequently  fitted 
with  ornamental  caps  of  terra  cotta.  Unless  the  terracotta, 
however,  is  ornamental  or  the  surface  prominently  molded,  it 
should  not  be  used  to  match  up  to  or  imitate  adjoining  stone 
work,  for  the  two  materials  will  weather  differently.  Prefer- 
ably, each  should  be  so  designed  and  used  as  to  preserve  its 
own  identity. 


^woshaffhant 


FxQ.  62. — Details  of  sill  construction 
with  raised  joints  and  fillets. 


While  terra  cotta  may  be  manufactured  in  practically  any  surface 
texture  or  finish  desired,  the  usual  surface  treatments,  irrespective  of  color, 
are  known  as  Standard,  OraniU  and  OUued.  The  usual  colors  and  finishes 
manufactured  are  as  follows:  ^andard  FinUh. — A  dull  finish  similar  to 
dressed  limestone  and  made  in  various  shades  of  buff,  gray,  salmon,  red,  and 
brown.  Most  surfaces  thus  produced  are  vitreous.  Oranite  Fini»h 
{Standard). — A  mottled  surface  on  ^andard  terra  cotta  producing  a  granite 
effect.  QUued  Matt  Finish. — An  enameled  porcelain  surface — impervious — 
in  various  colors.  Faience  colors  are  almost  invariably  matt  finish.  Glaxed 
Luatroua  Finish. — An  enameled  porcelain  surface  with  high  gloss — ^impervious 
— usually  made  in  white  and  cream  shades.  Olated  Granite  Finish. — A 
mottled  surface  covered  with  enamel  of  high  quality.  Elither  lustrous  (a 
polished  granite  effect)  or  matt. 

The  different  colors  and  finishes  increase  in  cost  in  the  following  order:  (1)  Standard  finish,  plain  colon; 
(2)  Standard  finish,  granites;  (3)  Glaxed,  mottled  and  granite  effects;  (4)  Glased,  matt  finish;  (5)  Glased,  lustrous 
finish;  (6)  Glased,  gold  or  silver;  (7)  Glased,  reds. 

169.  Washes,  Flashings,  Anchors,  Hangers,  Etc. — All  sills,  copings,  washes  inside  of  the 
wall  line,  and  all  washes  more  than  4  in.  wide  on  projecting  members  should  have  raised  filleted 
horixontal  joints  (see  Fig.  61).  Sills  should  have  a  raised  fillet  at  the  back  to  be  let  into  a 
groove  in  the  wooden  sill  or  should  have  raglet  for  metal  water  bar  (see  Fig.  62).  Ornamental 
work,  where,  on  account  of  the  character  of  the  detail,  pockets  are  formed  in  which  snow  or 
ice  can  collect,  should  be  provided  with  holes  or  washes  for  drainage.  Copings,  sills,  and 
projecting  members  generally  should  be  provided  with  drips,  and  cornices  with  weep  holes 
wherever  necessary. 

Wide  flat  washes  in  terra  cotta,  where  it  is  impractical  to  use  either  a  sufficiently  steep 
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pitch  for  readily  shedding  the  water  or  raised  joints  (including  guttera),  should  be  covered  with 
coppOT  dashing.  Sufficient  width  of  copper  must  be  allowed  for  covering  the  entire  width  oi 
the  wash  and  with  the  back  edge  of  the  copper  tucked  into  a  joint  or  groove,  properly  located 
according  to  the  particular  case,  bo  that  there  will  be  no  possibility  of  seepage  of  water  into  the 
Btnictuie.  This  flashing  method  should  be  used  in  every  case  where  the  wash  pitches  inward 
toward  the  structure  and  stops  against  any  superimposed  work,  such  as  walls  of  stories  above, 
parapet  balustrading,  parapet  walls,  etc.     In  no  case  should  gutter  grades  be  formed  in  arohi- 


Fia.  03.— Modillion 


«  with  (Dttu  (hawing  nutbod  ul  lupport  uid  aneboracBi 


tectural  terra  cota.    Structural  tile,  cement,  or  concrete  should  be  used  to  form  the  grade  and 
this  in  turn  covered  with  metal  (see  Fig.  63). 

On  most  work  the  terra  cotta  contractor,  before  any  manfacturing  is  done,  submits  to  the 
architect,  for  hia  correction  and  written  approval,  carefully  prepared  shop  drawings  showing  the 
jointing  of  all  work,  anchoring  of  projectiag  members,  etc.,  and  the  engagement  of  the  terra 
cotta  with  the  masonry  or  steel  work,  and  any  unusual,  diHicult  or  special  construction  that 
may  be  required  to  be  clearly  shown.     A  typical  example  is  illustiated  (see  Fig.  64). 


It  the  Bteeti 


if  the  work.     If  it 
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part  ot  the  oontncst  tor  Mttilic  the  muiufutunr  will  iimwh  b  icbAdule  of  the  tiu  ud  number  ol  all  kDohon, 
cUmpa.  daweli,  hangen,  braekeU,  find  ■peoUl  work  iir  i  nmir-  ta  aecureEy  anchor  the  terra  co 

Irsquently  be  purchaaed  in  the  local  market  mora  economically  thai  it  oan  be  lumiahed  by  Ihi 
faeturer.     Frovided  that  auffioiently  detailed 


Fia.  «4.— Section  throuKh  11 


Elewitton 

Dice. 

nd      Fi 

.  flS.— Eievalion* 
he  frame  work  ,bo 

nrtia 

Whe< 

rever  pra< 

tical.  all  nail  and  9 

liDuld  be  painted  two  « 


ortlon  to  the  weiehC  Ot  the  ] 
iDn  ihaiJd  be  cut  and  bent  < 
LLowed  to  dry  before  minjc. 


Taniiina  maka  anohon  brittle  and  filla  up  the  tbreads  of  balM  and  adjiutabli 
ini  and  caiuing  unnecoHao'  delay. 

In  terra  eotta,  ai  in  every  other  type  of  buildinc  oonatruetion,  few  feat 
melbodi   of    aerompliahim  tiaht  reaulla  over  openinsa  in  walla.     Three  i 
the  gimplegt  typical  lintel  construetiDa.     Other  typee  of  aoffita  and 
cniameDtatioD,  01  nn  aod  number  of  [decea,  with  each  illuatntion,  are  ahi 
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170.  Setdng. — Terra  cotta  is  usually  set  by  the  mason  contractor.  Where,  however,  the 
eontract  is  large  enough,  good  results  cao  sometimea  be  obtaiued  by  baviog  the  manufacturer 
do  the  setting. 


Oiagreim  of  Conx.;  Kodlllion.ond  Bnxkst  Support 
Fia.  es, — Detula  of  iron  *Dchon.  hiufen,  iXr%ft.  clips,  etn.  lued.  in  Hlting  urobitectunl  t«m  cotta. 

The  terra  cotta  for  the  various  portions  of  the  work  should  be  asaembled  at  the  building 
and  the  sizes  checked  off,  as  so  to  verify  the  joint  allowance  and  to  guard  against  variations  which 
might  have  occurred  in  the  frame  woik  or  mperBtructure  of  the  building  as  thus  far  erected. 
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The  work  should  be  anchored  to  the  backing  and  hung,  or  secured  to  the  structural  frame 
as  indicated  on  the  setting  drawings.  Heavy  projecting  courses,  whether  supported  by  metal 
or  not,  should  be  well  shored  up  from  the  exterior  until  the  work  on  top  of  these  courseB  is 
placed  to  a  sufficient  height. 

All  terra  ootta  should  be  set  from  outside  soa£Foldixig.  It  should  be  dosely  fitted  and  carefully  laid  on  a  solid 
bed  of  mortar.  The  mortar  should  fill  all  the  rebates  in  the  bed  and  cross  joints  from  front  and  back  and  top  to 
bottom,  leaving  no  hollow  spaces. 

On  first  and  second-story  work,  each  piece  after  being  tamped  in  place  should  have  the  joints  raked  out  to  a 
depth  of  H  to  ^  in.  for  xxxinting.  Above  the  second  floor  it  is  usual  to  cut  off  excess  mortar  and  strike  the  joints 
with  a  trowel  or  jointer.  Wall  copings  should  be  set  in  a  thick  bed  of  mortar  and  well  poimded  down  so  that  the 
mortar  will  fill  all  spaces  aroimd  the  webs.  The  vertical  joints  should  be  filled  with  waterproof  cement.  For  details 
of  wall  copings,  see  Fig.  70. 

Mortar  for  setting  terra  cotta  should  be  composed  of  three  parts  of  non-staining  white  Portland  cement,  ona 
part  by  volume  of  hydrated  Ume,  and  eight  parts  fine  clean  sand.  Plaster  of  Paris,  or  salt,  should  not  be  used  in 
the  mortar,  nor  any  cement  that  swells  in  drying.  The  various  materials  should  be  carefully  measured,  thoroughly 
mixed*  and  the  mortar  used  within  30  min.  after  mixing. 


171.  Pointing. — After  all  exterior  work  is  com- 
pleted, all  raked-out  joints  should  be  carefully  pointed 
with  mortar  composed  of  one  part  non-staining  white 
Portland  cement  and  one  part  clean,  fine  (white)  sand, 
.    .  mixed  as  stiff  as  can  be  worked,  forced  well  into  the 

m*y^oMfJy'maSiS'J>nepieM^  joints  and  tooled  or  troweled  to  produce  the  desired 

to28  in.  in  thickness  in  two  pieces,  and  for  effect 
walls  above  28  in.  in  thickness,  in  three  or  * 

more  pieces  as  re<)uired. 

Pjq   jq  All  exposed  Joints  in  projecting  and  overhanging  features, 

parapet  work,  and  work  standing  free,  should  be  raked  out  H 

in.  and  pointed  with  a  waterproof  cement  mortar,  such  as  one  part  non-staining  Portland  cement,  two  parts 

clean  sand,  10%  by  volume  of  best  quality  lime  putty,  and  2%  of  an  approved  waterproofing  compound,  mixed 

in  strict'  accordance  with  the  manufacturer's  directions.     In  place  of  the  waterproofed  cement  mortar  there 

are  those  who  advocate  the  use  of  tried  and  approved  elastic  calking  compounds. 

172.  Cleaning  Down. — On  completion  of  the  work  and  after  all  mason's  wedges  and  all 
centering  are  removed  and  after  pointing  and  repointing  all  joints  wherever  necessary,  the  sur- 
face of  the  terra  cotta  should  be  cleaned  down  with  water  and  a  good  abrasive  soap  or  washing 
powder,  using  sufficient  force  in  scrubbing  to  remove  all  stains.  Any  hard  lumps  of  mortar  may 
be  removed  by  the  use  of  a  sharpened  hardwood  stick,  but  steel  brushes,  chisels,  or  other  metal 
tools  which  might  damage  the  surface  by  scratching,  chipping,  or  discoloration  with  rust  stains 
should  not  be  allowed. 

If  "standard"  t^rra  cotta  is  used,  and  the  washing  does  not  remove  the  worst  stains,  a  solution  of  1  part  com- 
mercial muriatic  acid  to  10  parts  water  may  be  used.  This  sho\ild  never  be  put  in  any  metal  container  on  account 
of  the  liability  of  the  acid  foiming  rust  stains — wooden  pails  or  crockery  should  be  used. 


TILING 
Bt  D.  Knickerbacker  Boyd 

The  word  'Hile^'  has  its  origin  in  the  Anglo-saxon  "  tigel ''  which  in  turn  is  a  derivative  of  the 
Latin  "  tegula, "  from  tego — ^to  cover.  Although  since  appropriated  to  designate  other  products 
made  in  all  sorts  of  shapes  and  from  all  kinds  of  raw  materials,  the  term  ''tile"  without  other 
qualifying  words  or  phrases  stUl  properly  applies  to  those  examples  of  the  ceramic  art  which  are 
used  as  a  surfacing  or  finish  for  floors,  walls,  and  ceilings,  and  in  mural  decoration  on  the  in- 
terior or  exterior  of  buildings. 

173.  Manufacture  of  Tiles. — Tiles  are  made  from  different  kinds  of  clays,  feldspar,  and 
flints  obtained  from  domestic  banks  and  quarries  or  imported  from  other  countries.  These 
raw  materials  undergo  a  variety  of  refining  and  mixing  processes  before  they  become  suitable 
for  forming  or  pressing  into  tiles.    According  to  the  process  used,  tile  makers  distinguish  between 
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tilw  made  fnmi  the  materiBla  in  the  plutie  state  aiid  those  prused  hj  means  of  machinery  from 
the  pulreriied  and  ptaotioally  dry  materials — the  "diut".  Thus,  in  the  one  oase  the  tilea  an 
"mode  plastic, "intheothercase they 
are  "  dust-pieHaed." 

ITi.  Unglued  TUai.— Unglaced 
tilea  are  produced  in  one  firing  which 
brings  them  direct  to  their  ultimate 
degree  of  vitrificatioo,  color  and  sur- 
face texture.     The  coIcb    in   these  =■     „     m    .    . -j 

,         ,  ...  .         J      ...        ,  Fia.  71. — niustMitiDg  d«o™ti™  uh«  of  floor  tilt. 

unglaied  tilea  are  produced  either  by 

the  selection  of  clays  that  will  burn  to  the  desired  color,  or  by  the  addition  of  certain  oxidea, 
such  as  the  oxides  of  cobalt,  chromium,  etc.  It  lies  in  the  nature  of  the  raw  materials  and 
color  ingredients  that  some  of  these  tiles  can  be  fired  to  complete 
vitrification,  while  otheiB  do  not  permit  this.  Consequently,  the 
unglaaed  tiles  are  divided  into  "vitreous"  and  "semi-vitreous." 

The  vitreous  colors  in  unglased  tiles  include  white,  silver  gray, 
.  celadon,  green,  blue  green,  tight  blue,  dark  blue,  pink,  cream  and  so- 
called  "granites"  of  these  colors.     The  semi-vitreous  colors  comprise 
buff,    salmon,    light   gray,   dark   gray,    red,    chocolate,    black,    and 
"granites"  of  these  coloia. 

Tbs  tnde  term  Slut,  quury.  pftving 


[«  Duinufactured  >n: 


IkyiOff  a  fisuTfl  or  or 
before  Grins.  Tbg; 
uaad.  Tbe  word  "  i 
tilM;  it  bu,  bowB*. 

iDlkid  tilM. 

Cvamic  mataic 


I'M. 

"ioUid"  tUg>.     TfaiM  ue  dBooratire  tilci  prodond  br  In- 


ncaiutio"  ii  frvqiwDtiy  n^Uappliad  as  a  gaaeral 

r,  no  dnoriptiva  algriifiutice  aiMpt  in  oonnaotion  with 


noufu  i«  a  trmdc  dvugoation  tbAt  refers  to  the  am&Uer 
wDioh  for  eipediency  in  BCttiac  lira  ftlso  murkeled  "mounted' 
•rilh  tne  fmce  (lued  lo  ineeU  of  paper  about  1  X  2  ft.  in  liie;  thia  paper  1 
removed  after  tbe  tUea  bave  beeo  Mt.     Tbe  following  liMa  and  abapts  ar 


tuaie  (Inched 


ObloDi 


Tbe  thiclEDMa  of  thcae  uoglaHd  tilea  varies  with  aise  and  itiod,  Um 
later  giies  and  shapes  ha  vine  a  thieluess  of  from  H  to  1  in.,  vtaila  enamio 
moaaics  are  luually  M  id.  thioli.  ^^     ^^      Cti^m     mosaic   floor 

ITS.  Glaied  Tiles.— Glazed  tiles  are  made  from  essentially 
the  same  materials  and  by  the  same  processes  as  the  ungloied  tiles,  except  that  they  require 
two  firings.     The  first  firing  produces  the  ■'biscuit,"  "bisque"  or  "body"  made  either  plastic 
or  by  tbe  dust-pressed  method.    This  bisque  is  subsequently  coated  with  the  "glating" 
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liquid,  made  from  pulTericed  clay,  feldspar,  fliot,  Rod  n,  flux.     The  bisques  are  theo  again 
placed  in  the  kilns  and  subjected  to  high  temperatures  which  unite  glaze  and  bisque. 

Trade  custom  has  established  the  application  of  the  word  "glazed  "as  an  excluaivedeeigti»> 
tionforcAiteglaied  tiles,  while  the  same  kind  of  tiles  in  color  are  known  by  the  term  "enamels." 
Thus,  the  white  tiles  geoeTally  used  forwainscot  in  bathrooms  are  "glaied"  tiles,  au!til«a  with 
a  colored  glase  are  "enamels." 


ITS.  Trim  Tilea, — For  use  as  bases,  caps,  corners,  moldings,  door  and  window  trim,  etc., 

^      ^^         certain  shaped  tilea  are  made  to  match  the  unglaied  or  glazed  field  or  body 

yZ^^   'fC^X--     oi  tilework,  which  are  designated  by  the  terms  Inm  or  Inmmera.     The  range 

A^^   1^^^    of  ahapes  obtainable  in  these  trimmers  is  quite  extensive  and  meets  any 

J^H  utiUtarian  or  decorative  demand. 

applied  to  compkntively  rouah  (Iftied  lilea  m*ds  plMtie  and 

iriouB  teitarc*.     Any  tpecial  draiRD  or  color  ellect  can  be  csairied 

y  Adapted  to  the  decora^vD  treatmeDt  o(  intenor  uid  ejL- 


^■^    pL  «lMod  with  . 


a  predetermined 


177.  Grades  of  Tile. — Tiles  ore  not  manufactured  i 
ol  eov^baMT^A^Sd  P*"!*  "''  qualities.  The  object  of  the  makers  is  to  produce 
E  being  tho»  re-  i.e.,  the  highest  quality.  But  due  to  limitations  in  the  piocesaes  and  the 
in  wood  FDnitmction.  difficulty  of  absolute  control  in  firing  conditions,  certain  variations  in  shades, 
idtatlSillfSiiri  ""'  "■*•  ''**'■■  *^*  P'*''*  which  are  inherent  to  tile  manufacture.  The  tile 
makers  therefore  sort  the  tiles  after  they  come  from  the  kilns  into  different 
grades  which  experience  has  established  as  expedient.  With  respect  to  wearing  and  sanitaiy 
qualities  no  difference  exists  in  these  tiles,  and  appearance,  size,  warpage,  surface  blemishes, 
etc.,  alone  arc  the  basis  for  the  sorting. 
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The  whiU  (lued  inll  tilea  tn  (rsdiid  and  marketed  in  three  gradi 
d  "  comnaercial " — and  each  srade  haa  ita  legitimate  uaea,  Aa  the 
ed  in  (he  ceDeral  run  of  worlc.  guch  u  in  barber  (hope,  cafeuriu,  hoti 
9  priced  r«idenca,  elo.  This  grade  practically  repreaenta  the  tilea 
'  umformity  in  siie.  For  the  aelected  and  eoDimercial  qualities,  the  t 
-o  two  iradea.  The  tiles  that  are  aa  nearly  perfect  as  ia  poasible  t 
elected' '  f or  uae  in  the  enat  cluaee  of  lilework,  auch  aa  in  hiEh  cla 
ala.  etc.  while  the  remainder  are  oflered  aa  the  "oomnierdal "  tn 
c  where  economy,  lervice.  aaniUtian.  and  tifbt  reSecting  qualitiea  a 

The  enamelg,  viueous  tileg.  and  ceramic  moeaic  are  marketed  in  1 


>  and  apartment  houae  bath  roomi.  moder- 
I  they  come  from  the  kiln,  aorted  howevei 
H.  u  they  come  from  the  kilna.  are  divided 


178.  Crczing. — In  former  years  some  manufftcturera  were  occaBionally  willing  to  guarantee 
glazed  or  enamel  tilea  against  crazing  and  some  Hpecificationa  even  today  call  for  tiles  to  be 
guaranteed  non^razing.  Thia  however,  is  no  longer  done  by  any  of  the  large  producers  who 
are  bound  to  recognize  the  limitations 
of  the  ceramic  art  and  realize  that 
crazing  (or  crackhng)  of  any  glazed 
surface  cannot  be  absolutely  guarded 
against. 

One  of    the  causes   of   the  phenoDiens 


■lightest  kind  of  *  dil 
denta  nf  eipsuion   b 


the  same  piece  of  wo 

The  foregoing  rem 

arks  refer  principally 

bright  sla.e  fioiehea 

on  any  tile.     In  the 

eat  decorative  (ilea,  i 

lehea.  the  craie.  lik 

crackled  finish  of  the 

est  cetamic  work,  ia 

legarded  with  Isvor. 

179.  Setting  of  Tile. — Particular 
attention    should    be    paid    to    the 
methods      employed      to     overcome 
shrinkage   of  woodwork   when  bath-   ^'^-  ^- — ™i"t" 
rooms  or  other  places  are  to  be  tiled 

in  buildings  of  frame  construction — or  in  any  type  of  building  with  wood  joists.  Interior 
partitions  should  be  located  over  those  below  and,  where  this  is  not  possible,  steel  beams 
should  be  used  to  support  the  partitions  surrounding  bath  rooms  or  other  tile  places  Bo  that 
no  greater  shrinkage  will  occur  than  at  the  outside  walls.  With  such  construction,  lighter 
weight  joists  may  be  used,  especially  under  the  tile  floors,  assuring  better  seasoning  and  less 
shrinkage  as  well.  In  addition  to  insuring  the  tile  work  against  the  effects  of  settlement,  this 
type  of  construction,  through  saving  of  labor  in  doubling  trimmers  and  headers,  bevelling 
of  joists,  cutting  in  floor  boards,  etc.,  will  be  found  to  have  its  economies,  compensating  tor 
the  increase  due  to  the  introduction  of  steel  in  place  of  wood  where  indicated. 


:n  the  t 


wooded 


IT  tile  and  not 


.11  tilea  ^ 


ended  tl) 


'e.  h«  made  i 


le  form  of  B[ 
her  with  Kj 


The  latter  should  ii< 
any  settlement  or  ghrioksie  will  break  the  tile.     These  preoauCioDa  do  not  of  coutsa  apply  in  the  case  of  fire  r» 

ttaewi  types  of  conglruction  full  range  of  ehoioe  in  the  ■'  tile  trim  "  may  be  resorted  to. 
Reeominendatiana  aa  to  various  types  of  oonstniotion  sra  to  ba  found  In  the  "Stsndanl  MWhodt  tor  Settiii( 
y  the  AwoolaUd  Tils  MuulMtursii,  B«»vsr  Falli,  Fa. 
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GLASS  AND  GLAZING 
Bt  D.  Kkickebbacker  Botd  and  LeRot  E.  Kbrn 

180.  Raw  Materials. — The  principal  raw  materials  used  in  the  manufacture  of  glass  for 
general  glazing  purposes  are:  silica  (white  sand),  lime  (limestone),  soda  (soda-ash),  charcoal, 
cullet  (broken  glass),  a  small  quantity  of  alumina  bearing  material,  and  possibly  decolorising 
agents.  These  are  mixed  in  large  earthenware  pots  and  fused  at  a  temperature  of  about  3000 
deg.  F. 

181.  Physical  Properties  of  Glass. — The  composition  and  physical  properties  of  glass  are 
widely  variable,  not  only  in  different  varieties  of  glass,  but  also  in  different  makes  of  the  same 
type  or  kind  of  glass.  Neither  the  mixing  formulas  nor  the  conditions  of  manufacture  have 
ever  been  standardized  and  no  general  text  book  on  the  selection  of  grades  or  materials  has  been 
issued  in  this  country.  The  results  of  tests  made  to  determine  the  physical  qualities  of  glass 
have  differed  greatly  as  is  indicated  by  the  following  table: 

Table  op  Physical  Properties  op  Glass 

Tensile  itrength 2.000   to  10,000   lb.   per  eq.  in. 

Modulus  of  rupture 3,000    to    4,000    lb.    per   sq.  ini 

Modulus  of  elasticity 10,000.000  to  11.000,000  lb.  per  sq.  in. 

Grushinc  strength 6,000    to    20,000    lb.    per   aq.  in. 

Crushing  strength  of  cylinders  up  to 39,000  lb.   per  aq.  in. 

Spedfio  gravity 2.4  to  4.6 

Expansion  for  180  deg.  F H  in-  in  12.13  to  12.81  lin.  ft. 

182.  Defects  or  Blemishes  in  Glass. — The  defects  to  which  glass  is  subject  in  the  proceas 
of  manufacture  are  of  two  general  kinds:  (1)  those  due  to  imperfect  polishing  and  grinding,  and 
(2)  those  that  are  contained  in  the  body  of  the  glass  itself.  In  cutting  the  large  sheets  into 
commercial  sizes,  care  is  taken  to  eliminate  as  far  as  is  practical  any  defects  or  blemishes  that 
may  be  present  and  to  obtain  the  largest  possible  percentage  of  the  better  grades  of  the  glass. 

The  principal  defects  due  to  grinding  and  polishing  are  as  follows: 

Sand  Lath. — This  occurs  near  the  edges  of  the  sheet  if  the  grinding  block  runs  off.  It  is  a  collection  of  soratohea 
and  is  easily  detected. 

Grey  Spot  or  Short  FinUh. — This  is  caused  by  insufficient  grinding  or  polishing.  It  has  the  appearance  of  a 
collection  of  dust  and  sometimes  requires  a  careful  examination  to  detect. 

Block  Reeka  or  Sle*.  V«. — Caused  by  a  coaise  particle  of  rouge  working  under  the  polishing  block.  It  is  a  smooth 
scratch  and  shines  out  sharply  in  reflected  light. 

Burned. — A  spot  where  the  polishing  block  was  allowed  to  run  dry  thereby  causing  the  surface  film  to  start 
to  melt.     It  has  a  finely  and  slightly  mottled  appearance  on  the  surface  but  not  in  color. 

The  following  are  the  principal  defects  which  may  be  contained  in  the  body  of  the  glass: 

BtibbUa, — The  name  describes  this  defect. 

Seod. — Fine  bubbles. 

Ream. — A  defect  the  cause  of  which  is  difficult  to  determine.  It  results  in  a  distorted  image  trhen  looking  at 
an  object  at  an  angle. 

Wave*. — An  undulation  of  the  surface.  Owing  to  the  method  of  manufacture,  these  can  not  be  entirdy 
avoided  in  cylinder  glass. 

Stone, — A  paitide  of  unfused  material  embedded  in  the  glass.  This  is  one  of  the  most  serious  defects  to  whioh 
glass  is  subject  as  it  makes  a  point  of  high  local  stress  and  is  very  likely  to  cause  the  glass  to  crack. 

String, — An  irregular  shining  streak  made  by  the  passage  of  a  small  "stone"  during  the  manufacture  of  the 
sheet. 

183.  American  and  Foreign  Glass. — Practically  all  glass  now  on  the  market,  and  used  in 
connection  with  building,  is  produced  in  America  and  the  following  data  are  intended  to  cover 
the  manufacture,  qualities,  and  sizes  of  the  various  domestic  glasses  in  general  use  only. 

184.  Grading. — In  the  manufacture  of  glass  only  one  product  is  aimed  for  and  the  various 
grades  or  qualities  are  the  results  of  selections  made  in  the  effort  to  separate  those  sheets  which 
are  nearest  perfect  from  those  which  contain  some  of  the  blemishes  inherent  in  the  process  of 
manufacture. 


Sec  7-185]  BUILDING  MATERIALS  1006 

In  this  process  of  selection  and  separation,  the  personal  equation  enters  to  a  considerable 
extent,  the  grade  being  determined  largely  by  the  general  appearance  of  the  sheet.  Thus  a 
small  defect  or  blemish  might  be  permitted  in  a  large  light  and  be  the  cause  for  rejection  if 
occurring  in  a  small  light.  For  this  reason  small  sise  samples  seldom  correctly  indicate  the 
quality  of  the  glass  proposed  to  be  furnished. 

It  is  aometimet  very  difficult  to  determine  in  what  grade  a  {Murtioular  eheet  of  glass  should  belong,  and  for  this 
reason  it  is  not  infrequent  that  a  lower  giade  than  the  grade  specified  is  substituted.  This  is  eepedally  true  in  the 
case  of  the  "  AA  "  grade. 

185.  Cylinder  or  "V^Hmdow  Glass. — This  is  the  common  commercial  '' window  glass."  It 
is  more  or  less  wavy  in  appearance,  usually  has  a  slight  bulge,  and  varies  widely  in  composition 
and  quality. 

185a.  Manufacture. — It  is  made  by  blowing  the  molten  glass  into  a  cylindrical 
shape  and  then  cutting,  heating,  flattening  out,  and  annealing.  Formerly  all  glass  of  this  type 
was  hand  made,  but  during  recent  years  machine  methods  have  been  perfected  and  the  hand- 
made glass  has  largely  been  supplanted.  The  machine-made  glass  is  the  usual  commercial 
"  window  glass. " 

185&.  Sizes. — Cylinder  glass  is  made  in  two  principal  weights  or  thicknesses — 
tingle  strength  and  dovbU  strength.  Cylinder  glass  heavier  than  ''double  strength  "  is  known  as 
crystal  sheet  glass. 

"  Double  Strength  "  glass  may  be  obtained  in  as  large  siies  as  30  X  90  in.,  38  X  86  in..  48  X  80  in.,  and  even 
in  extreme  sixes  containing  25  sq.  ft.     Sixes  larger  than  40  X  48  in.,  however,  are  not  recommended  for  use. 

"Single  Strength"  glass  can  be  made  in  sises  up  to  24  X  60  in.,  30  X  54  in.,  36  X  50  in.,  and  even  to sises  con- 
taining I2yi  sq.  ft.     Sises  larger  than  24  X  30  in.,  however,  are  not  recommended  to  be  used. 

185c.  Grades. — Each  of  the  thicknesses  or  strengths  of  cylinder  glass  is  marketed 
in  three  grades:  *'  AA, "  "  A, "  and  "  B. "  The  jobbers'  stocks  usually  consist  principally  of  the 
"A"  and  "B"  grades,  the  "A"  grade  containing  all  glass  better  than  "B. " 

While  it  is  not  possible  to  give  in  absolute  detail  the  defects  allowable  in  the  various  grades 
of  glass,  the  following  description,  published  in  1016  by  the  National  Glass  Distributers  Associa- 
tion will  aid  in  determining  the  quality: 

**  A  A  "  or  Firti  QtuUUy. — "  AA  "  quali^  should  be  dear  glass,  free  from  any  perceptible  amount  of  air  bubbles 
or  blisters,  burnt  specks  or  bums,  cords  and  strings.  It  should  have  a  good  gloss  and  an  even  surface,  and  be  well 
flattened.  By  air  bubbles  it  is  understood  that  tiny  bubbles,  or  imperfections  not  perceptible  on  the  cutters' 
table,  but  detectable  when  placing  the  sheet  directly  towards  the  light,  would  not  be  objectionable.  This  should 
be  a  careful  selection  in  both  single  and  double,  and  should  represent  the  best  that  can  be  produced  in  window 
^ass  by  the  present  methods. 

This  grade  of  glass  is  largely  used  in  connection  with  framing  pictures.  It  is  frequently 
difficult  to  obtain  in  sufficiently  large  quantities  for  general  glazing  purposes  and  for  this  reason 
should  be  sparingly  and  specifically  called  for. 

**A"  or  Second  QtuUUy. — "A"  glass  b  the  normal  selection  of  glass  when  no  special  selection  is  desired  or 
specified,  and  it  admits  of  such  defects  as  small  strings  or  lines,  or  small  blisters  when  not  too  close  to  one  another 
or  located  in  the  center  of  the  sheet.  The  glass  should  be  well  flattened,  t^e  surface  even,  and  devoid  of  notice- 
able scratches,  cropper  marks,  bums,  and  other  prominent  defects. 

The  production  of  glass  which  grades  to  this  sorting  is  sufficiently  large  to  meet  the  general 
demands  for  glazing,  and  is  suitable  for  building  requirements  where  a  good  grade  of  cylinder 
glass  is  wanted. 

*'B'*  or  Third  Quoiity.— " B "  glass  covers  a  wider  range  than  either  "AA"  or  "A"  quality.  It  permits  of 
many  of  the  defects  inherent  to  the  process  of  making,  such  as  waves,  strings,  lines,  blisters,  scratches,  bums, 
and  other  similar  or  equivalent  defects.  This  quality  embraces  everything  below  "A"  quality,  not  stony  or  full  of 
blisters  or  other  large  defects  objectionable  for  any  common  purpose,  such  as  heavy  scratches,  heavy  blisters, 
cords  and  sulphur  stains. 

This  quality  of  glass  is  suitable  for  use  in  miUs,  factories,  the  cheapest  class  of  residences, 
basements  of  buildings,  and  work  or  locations  of  a  similar  character. 
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IBM.  Crystal  or  Special  Sheet  Glass. — This  is  a  blown  cylinder  glass  similar 
to  the  ''double  strength''  glass  but  thicker.  It  is  not  to  be  confused  with  "crystal  plate'' 
glass.  "  Crystal  sheet ''  glass  is  designed  for  use  where  a  stronger  or  larger  size  is  required  than 
is  recommended  with  ''double  strength''  and  where  a  less  expensive  glass  than  plate  glass  is 
desired. 

"Crystal  sheet"  glass  is  graded  as  ^'first, "  "second, "  and  "third"  quality  by  the  same  rules 
as  cylinder  glass,  and  can  be  obtained  in  26,  29,  34,  and  39  oz.  weight  per  sq.  ft. 

Weights  and  Thicknesses  of  Cylinder  Glass 

Kind  of  glam  Weight  per  sq.  ft.  Average  thickness 

(ounces)  (inches) 

Single  Strength 14  to  16 Hi 

Double  Strength 19  to  21 H 

Crystal  26  o« 25  to  27 J^s 

Crystal  29  oa 29  to  31 H^ 

Crystal  34  oa 33  to  35 Ht 

Crystal  39  oa 37  to  39 He 

186.  Polished  Plate  Glass. 

186a.  Manufacture. — The  raw  materials  from  which  plate  glass  is  made  are 
virtually  the  same  as  used  for  cylinder  glass,  but  the  method  of  manufacture  is  entirely  different 
and  greater  care  is  taken  in  the  selection  and  purification  of  the  ingredients. 

The  various  ingredients  are  melted  in  a  large  earthenware  pot,  are  then  poured  on  a  flat 
iron  table  and  a  heavy  iron  roller  quickly  passed  over  it,  leaving  a  plate  of  glass  of  the  required 
thickness.  This  plate  is  then  annealed  and  forms  what  is  known  as  rough  plate  glass.  It  is 
unevenly  fire  polished  on  one  side  and  rough  on  the  other.  In  this  form  it  is  sometimes  used 
for  vault  and  floor  lights,  skylights,  etc. 

Rough  rolled  or  half  polished  plate  is  rough  plate  ground  and  polished  on  the  smooth  or  fire 
polished  side  only. 

For  polished  plate  glass  the  rough  plate  is  secured  to  a  revolving  table  and  the  surface  of  the  glass  ground  down 
with  fine  sand  and  rollers.  After  the  grinding  has  been  completed  the  plate  is  removed  to  another  table  where  by 
means  of  felt  blocks  and  rouge  or  iron  peroxide  the  surface  of  the  glass  is  polished. 

During  the  grinding  and  polishing  the  rough  plate  loses  from  40  to  50  %  in  weight  and  the  method  of  manufac- 
ture is  such  that  there  is  usually  a  slight  variation  in  the  thickness  of  the  finished  sheets,  especially  in  the  large 
sixes. 

1866.  Grading. — While  no  generally  accepted  standards  have  been  established 
to  determine  the  dividing  line  between  the  various  grades  of  plate  glass,  the  manufacturer  grades 
and  lists  his  stock  as  follows:  (1)  First  silvering,  (2)  second  silvering,  (3)  selected  glazing, 
(4)  glazing,  (5)  second  glazing,  and  (6)  skylight. 

The  silvering  qualities  are  as  nearly  perfect  as  it  is  practical  to  manufacture,  and  are  used 
for  making  the  best  class  of  mirrors.  The  selected  glazing  quality  is  almost  free  from  blemishes 
and  is  used  for  special  windows,  glazing  in  high  class  residences,  show  Cases,  and  sometimes  for 
mirrors.  The  glazing  quality  may  contain  a  few  small  bubbles,  fine  scratches,  etc.,  not  however 
in  sufficient  quantity  to  impair  its  durability  or  value  for  ordinary  use.  This  is  the  usual 
commercial  grade  of  polished  plate  glass  used  for  glazing  show  windows,  sash,  doors,  etc.  The 
second  quality  glazing  permits  of  more  defects  than  the  glazing  quality  but  may  be  used  for 
unimportant  work.  The  skylight  quality  permits  the  inclusion  of  defects  that  would  preclude 
its  use  for  general  glazing  purposes. 

It  is  seldom  necessary  to  specify  other  than  "glaxing"  quality  of  polished  plate  glass  of  the  standard  thiokneai 
for  all  general  glaaing  purposes,  and  "silvering "  quality  of  polished  plate  glass  and  thickness  for  all  mirrors.  Frenoh 
plate  glass  mirrors,  except  small  hand  mirrors,  have  not  been  on  this  market  in  commercial  quantities  for  a  number 
of  years,  and  if  actually  required  would  in  all  probability  have  to  be  specially  imported. 

186c.  Size  and  Thickness. — Plate  glass  is  manufactured  in  extreme  sizes  up  to 
250  sq.  ft.  with  dimensions  such  as  the  following:  120  X  262  in.,  144  X  240  in.,  156  X  228 in. 
These  extreme  sizes,  however,  are  difficult  to  make,  are  expensive,  are  dangerous  to  handle,  and 
are  not  recommended  for  general  use. 
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Polished  plate  glass  can  be  obtained  in  the  following  thicknesses:  3^,  ^6>  K  ^  ^6f  %} 
K,  ?^,  ?i,  %,  1,  1H>  IM  in.  The  3^-in.  glass  is  known  as  crystal  plate  glass.  The  K  to  Ke-in. 
glass  is  the  standard  commercial  thickness  for  general  glazing  purposes. 

The  H  and  He-in*  glass  b  largely  used  for  residence  windows,  citr  sash,  leaded  glass,  and  wherever  high  polish 
clear  vision,  and  minimum  weight  are  required.  They  are  manufactured  from  the  same  thickness  of  rough  plate 
as  the  standard  thickness  glass  and,  on  account  of  the  additional  cost  of  grinding  and  fhe  liability  of  breakage,  are 
more  expensive. 

Glass  thicker  than  the  standard  )^  to  ^e  in*  is  used  for  such  special  puri>oses  as  counter  toiM,  shelves,  port 
and  deck  lights  on  shiiM.  aquariums,  etc.,  and,  if  thicker  than  ^^  in.  usually  has  to  be  specially  manufactured. 

The  standard  >«  to  Me-in.  glass  is  the  least  difficult  to  obtain  and  is  the  most  economical  to  use,  both  the 
thicker  and  thinner  glass  being  more  expensive. 

187.  Mirrors. 

187a.  Manufacture. —  Mirrors  are  made  by  silvering  one  side  of  a  sheet  of  glass, 
and  not  only  is  a  good  silvering  process  necessary,  but  a  glass  of  the  wrong  composition  may  chem- 
ically change  so  as  to  react  on  the  silvering  and  ruin  the  mirror. 

1876.  Glass  for  Mirrors. — For  general  use,  only  the  best  grade  (silvering  quality) 
of  polished  plate  glass  should  be  used,  for,  after  silvering,  defects  are  magnified  and  accentuated. 
Cylinder  glass  is  used  in  the  manufacture  of  cheap  mirrors,  known  as  shock  mirrors,  but  the 
image  is  always  more  or  less  distorted  and  they  are  suitable  for  use  only  as  reflectors  of  light. 

187c.  Silvering. — There  are  two  processes  by  which  mirrors  may  be  made: 
the  patent^back  process  and  the  mercury-back  process. 

The  patent-back  process  is  the  method  employed  almost  entirely  today.  It  consists  in  the 
precipitation  of  a  film  of  nitrate  of  silver  on  the  surface  of  the  glass  and  protecting  this  film 
with  shellac  and  mirror-back  paint.  This  is  a  slow  and  expensive  method  and  the  larger  size 
mirrors  are  difficult  to  set  without  damaging  the  backing.  The  mercury  backing  is  supposed 
to  be  permanent  and  while  the  patent  back  is  subject  to  deterioration  it  should  have  a  life  of 
not  less  than  10  or  12  yr. 

187(2.  Sizes. — The  size  of  a  mirror  is  limited  only  by  the  size  in  which  the  glass 
can  be  made,  but  extremely  large  sizes  of  glass  entirely  free  from  blemises  are  very  difficult  to 
obtain. 

188.  Rolled  or  Figured  Sheet  Glass. — This  is  a  translucent  or  obscured  glass  with  a  pattern 
or  design  imprinted  on  one  side.  It  is  largely  used  in  office  doors  and  partitions  and  wherever 
obstruction  of  view  and  diffusion  of  light  are  required.  The  more  broken  the  surface,  the  better 
will  the  glass  obstruct  the  view;  and  the  flatter  the  projections,  the  better  for  light  transmission. 
There  are  upward  of  50  different  patterns  manufactured,  such  as  ribbed,  Florentine,  maze, 
cobweb,  colonial,  etc.,  and  it  has  largely  supplanted  the  ordinary  ground  glass  on  account  of  its 
greater  cleanliness  and  better  light  diffusing  qualities. 

188a.  Manufacture. — Figured  sheet  glass  is  manufactured  by  casting  the  molten 
glass  upon  a  table  on  which  the  design  has  been  cut  and  then  immediately  rolling  to  the  required 
thickness  leaving  a  smooth  fire  polished  upper  surface. 

1886.  Sizes  and  Thicknesses. — The  usual  commercial  thickness  is  }i  in.  but 
certain  of  the  designs  are  also  made  ^e*  H  and  ^  in.  thick.  It  is  cast  in  sheets  from  24  to  48 
in.  wide  and  8  to  10  ft.  long.  All  the  designs,  however,  are  not  made  in  the  extremely  large 
sizes  or  in  the  heavier  weights.  A  few  of  the  designs,  owing  to  the  character  of  the  pattern, 
are  not  made  thinner  than  ^e  in* 

189.  Wire  Glass. — Wire  glass  is  a  sheet  of  glass  in  the  body  of  which  is  embedded  a  wire 
mesh.  It  is  used  chiefly  on  account  of  its  fire  retarding  qualities,  and  the  fact  that,  when  the 
glass  is  cracked,  the  fragments  are  held  together  by  the  wire  makes  it  especially  suitable  for  sky- 
light glass  and  similar  uses. 

189a.  Manufacture. — There  are  three  methods  by  which  wire  glass  is  manu- 
factured. By  the  Shuman  process  a  sheet  of  glass  is  rolled  and  while  still  plastic,  the  wire 
netting  is  pressed  into  the  glass  and  the  surface  smoothed.  By  the  Appert  or  Schmertz  process 
a  thin  sheet  of  glass  is  first  rolled  and  upon  this  is  placed  the  wire  mesh,  at  the  same  time  pouring 
and  rolling  a  second  sheet  on  top  and  embedding  the  wire.    This  is  sometimes  called  the  sand- 
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unch  process.     By  the  oorUinuoua  or  solid  process  the  wire  netting  is  mechanicaUy  crimped  and 
placed  on  the  casting  table  and  the  glass  poured  and  rolled  over  it. 

189&.  Sizes  and  Thicknesses. — Wire  glass  is  made  in  sheets  as  wide  as  60  in.,  as 
long  as  130  in.,  and  in  H)  H^t  Kt  Ht  i^-  ^^^  greater  thicknesses.  The  K-in*  glass  is  the  stud- 
ard  commercial  thickness  and  no  glass  of  less  thickness  is  accepted  under  the  rules  of  the  NatioD- 
al  Board  of  Fire  Underwriters.  The  thin  wire  glass  defeats  the  purpose  for  which  it  is  made  as 
there  is  not  sufficient  glass  surrounding  the  wire  to  hold  the  pieces  together  in  case  of  fracture. 

The  following  extract  is  taken  from  the  Rules  and  Regulations  of  the  National  Board  of 
Fire  Underwriters,  edition  of  1906. 

Thicknett  of  Oltut. — Wire  glaas  to  have  a  thickneas  of  at  least  H  in*  '^t  the  thinnest  point. 

8%*e  of  Qltut. — The  unsupported  surface  of  the  glass  allowed,  shall  be  governed  by  the  severity  of  eacpoauN 
and  be  determined  in  each  case  by  the  Underwriters  having  jurisdiction,  but  in  no  case  shall  it  be  more  than  48  in. 
in  either  dimension  or  exceed  720  sq.  in. 

The  recommended  sizes  to  conform  with  the  above  requirements  are  15  x  48  in.,  18  x  40  in.f 
20  X  36  in.y.  and  24  x  30  in.  There  are  also  regulations  governing  construction  of  sash  and  frame, 
setting  of  glass,  depth  of  rebates  (%  in.),  bearing  of  glass  {%  in.),  etc. 

189c.  Kinds  of  Wire  Glass. — Wire  glass  is  made  with  the  following  kinds  of 
surface  treatment :  Rough,  ribbed,  figured,  semi-polished,  and  polished.  There  is  no  such  wire 
glass  as  flain  wire  glass  and  the  use  of  the  term  leads  to  confusion  as  to  whether  rough  or  polished 
glass  is  intended. 

Rough  wire  glass  is  the  glass  just  as  it  comes  from  the  rollers.  It  is  rough  on  the  side  next 
to  the  casting  table  and  smoothly  fire  polished  on  the  top  surface. 

Ribbed  wire  glass  has  a  corrugated  or  grooved  surface  on  the  casting  table  side  and  is  smooth 
on  the  other  side. 

Figured  w^ire  glass  is  similar  to  the  above  except  that  it  has  a  figure  or  design  on  one 
side.  There  are  many  of  these  designs  from  which  choice  may  be  made,  among  the  more  com- 
mon of  which  are:  Maze,  Colonial,  Moss,  and  Romanesque. 

Semi-polished  or  rough-rolled  wire  glass  is  ground  and  iKilished  on  one  side  only.  It  permits  of  a  wdl-defined 
vision  up  to  a  distance  of  5  or  0  ft.,  and  is  sometimes  used  in  elevator  doors  and  where  perfect  transparency  is  not 
an  essential  requirement. 

Polished  wire  glass  is  rough  wire  glass  after  having  both  sides  ground  and  polished.  This  glass  is  sometimes 
incorrectly  referred  to  as  polished  plate  wire  glass.  The  method  of  casting  the  glass  in  the  manufacture  of  wire 
glass  is  different  from  the  method  xised  in  making  plate  glass  and  does  not  produce  a  sheet  as  free  from  bubblee 
as  the  latter  method.  While  the  more  perfect  sheets  of  rough  wire  glass  are  selected  for  polishing,  the  finished  prod- 
uct is  not  supposed  to  be  as  free  from  bubbles  and  minor  blemishes  as  polished  plate  glass. 

190.  Prism  Glass. — This  glass  has  horizontal  lines  of  prisms  on  one  face  and  is  smooth  on 
the  other.  These  prisms  change  the  direction  of  the  light  and  throw^  it  back  into  the  room, 
thereby  materially  increasing  the  general  illumination. 

The  usual  forms  in  which  this  glass  is  manufactured  are:  Sheet  prism,  prism  plate,  prism 
wire,  and  prism  tile. 

Sheet  prism  glass  is  made  in  sizes  up  to  60  in.  wide  x  138  in.  long;  thickness  up  to  42  in. 
bigh,  a  in.,  and  over  42  in.  high,  J^e  in.  Prism  plate  glass  has  the  smooth  side  ground  and 
polished.  It  is  made  in  sheets  up  to  72  in.  high  x  82  in.  long.  Prism  wire  glass  is  designed  for 
use  where  deflection  of  the  light  and  fire  protection  are  both  required.  It  is  made  in  sixes 
up  to  42  in.  high  x  138  in.  long  and  is  ?^  in.  thick.  If  used  in  sizes,  etc.,  conforming  to  the  rules 
and  regulations  applying  to  other  wire  glass,  it  is  approved  by  the  Fire  Underwriters.  Prism 
iUe  are  made  in  4  and  6-in,  squares,  are  set  in  hard  metal  glazing  bars,  either  zinc  finish  or  copper 
plated,  or  in  solid  copper  bars;  and  where  required  are  reinforced  with  steel  bars. 

These  prisms  are  made  in  a  large  variety  of  angles  and  in  order  to  insure  their  successful  use  the  depth  of  the 
room,  the  height  of  the  ceiling,  the  source  of  the  light,  etc.,  have  to  be  taken  into  consideration  in  selecting  the  pro- 
per angle  and  method  of  installation  to  be  used.  Some  of  the  manufacturers  of  prism  glass  have  given  the 
subject  of  natural  illumination  considerable  study,  much  of  which  has  been  published  in  booklet  and  even  hand- 
book form  to  vhich  the  users  of  this  material  are  referred  for  detailed  infomiatioiL 
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191.  Sidewftlk  GIam. — Sidewalk  lights  or  vault  lights  with  glass  set  in  reinforced  con- 
crete or  steel  frames  are  used  for  lighting  basements.  The  glass  lenses  are  made  in  various  sizes 
either  round  or  square  and  as  either  flat  pressed  units  or  drop  lenses  of  single  or  multiple  prisms 
according  to  the  distribution  of  light  required. 

192.  Chipping  and  Grinding. — These  are  surface  treatments  that  may  be  applied  to  any 
smooth  surfaced  glass.  It  is  necessary  therefore  to  clearly  call  for  the  kind  of  glass  to  which  the 
treatment  is  to  be  applied. 

192a.  Chipped  Glass. — This  surface  is  produced  by  coating  the  glass  with  hot 
oil  or  glue  and  gradually  heating  and  drying.  The  drying  glue  or  oil  slivers  off  the  glass  in 
various  forms,  no  two  flakes  being  identical,  but  with  a  uniform  general  effect. 

A  single  application  and  the  consequent  chipping  produces  what  is  known  as  tingU  jtrocett  chipped  ffloM.  If 
the  glass  has  been  previously  sand  blasted,  lines  of  the  original  ground  siirface  will  remain.  If  the  process  is  re- 
peated on  the  tame  side  of  the  glass,  all  trace  of  the  original  surface  disappears,  the  flakes  or  pattern  is  finer  and  the 
glass  is  known  as  dtnible  proceet  chipped  glatt. 

192&.  Ground  Glass. — Ground  or  sand  blasted  glass  has  a  milky  or  frosted  sur- 
face produced  by  subjecting  the  sheet  to  a  blast  of  flne  sand. 

A  ground  surface  is  easily  soiled  or  marked  with  pencil  or  chalk  and  is  very  difficult  to 
clean.  While  it  obscures  vision,  it  does  not  give  as  good  light  transmission  and  diffusion  as 
some  of  the  figured  patterns  of  sheet  glass.  When  the  ground  glass  effect  is  desired,  a  more 
satisfactory  result  may  be  obtained  by  the  use  of  either  acid  ground  glass  or  opal  finished  glass. 

192c.  Acid  Ground  Glass. — This  is  similar  in  appearance  to  the  ordinary  ground 
glass,  but  it  has  a  much  finer  and  more  delicate  caste,  a  smoother  surface  and  is  more  easily 
cleaned.  This  surface  is  produced  by  treating  the  glass  with  hydrofloric  acid,  rendering  it 
semi-obscure  or  complete  obscure  as  may  be  desired. 

193.  Colored  Glass. — Ck>lored  glass  is  produced  by  introducing  various  substances  into 
the  molten  glass  and  the  cost  of  the  glass  is  largely  determined  by  the  cost  of  the  coloring  ma- 
terial required  to  be  used.  Almost  any  desired  shade  or  combination  of  colors  may  be  obtained 
by  the  use  of  opalescent,  flashed  opal,  and  cathedral  glass. 

Figured  rolled  sheet  glass  and  single  and  double  strength  cylinder  glass  may  be  obtained  in 
standard  solid  colors  of  ruby,  green,  blue,  orange,  and  violet. 

19Sa.  Opal  Flashed  Glass. — Flashed  glass  is  made  by  blowing  a  thin  film  of 
colored  glass  on  the  surface  of  a  sheet  of  clear  glass.  It  can  be  obtained  in  sheets  as  large  as 
37  X  50  in.,  in  either  single  or  double  strength,  in  several  degrees  of  density,  and  in  either  white 
or  various  tints. 

1936.  Opalescent  or  Solid  Opal  Glass. — This  glass  is  made  in  both  smooth  and 
granite  surfaces,  in  white  and  various  tints,  and  is  cast  in  sheets  about  26  in.  wide  by  40  to  50 
in.  long.  It  is  similar  in  appearance  to  opal  flashed  glass,  but  as  the  coloring  matter  is  con- 
tained in  the  body  of  the  glass  it  is  considerably  more  opaque. 

19Sc.  Cathedral  Glass. — Cathedral  glass  is  made  with  either  a  hammered  or 
smooth  surface,  and  in  clear  and  a  variety  of  tints.  It  is  about  3^  in.  thick,  is  cast  in  sheets 
about  30  X  90  in.  and  is  one  of  the  cheapest  colored  glass  on  the  market.  It  is  largely  used  for 
leaded  glass  work. 

194.  Colored  Plate  or  Structural  Glass. — White  and  black  structural  glass,  on  account  of 
its  nonporous,  nonstaining,  sanitary  and  easily  cleaned  surface,  is  used  for  counters,  shelves, 
wainscoting,  wall  coverings,  etc.  It  is  made  in  sheets  up  to  60  in.  wide,  100  in.  long  and  in  the 
following  thicknesses:  ?i^,  Jf  ^,  Ke,  H,  He,  %i  H,  h  IKi  IK  in.,  and  in  natural,  honed,  and 
in  ground  and  polished  surfaces. 

Elastic  cement  should  always  be  used  for  setting  this  material  in  order  to  reduce  the  liability  of  cracks  caused 
by  the  settlement  of  the  building;  and,  where  metallic  supports  or  angles  are  used,  they  should  be  packed  and  care 
taken  in  tightening  bolts  not  to  break  the  glass  which  is  fragile  near  the  edge. 

196.  Glazing. — Glazing  is  sometimes  specified  under  Carpentry,  sometimes  under  Painting, 
and  sometimes  made  a  separate  section.  In  whatever  section  of  the  specifications  it  is  placed 
it  18  desirable  to  have  all  glas^  under  the  one  heading  ''Glass  snd  Glazing." 

M 
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196a.  General  Notes. — All  rebates  in  wood  sash  or  doors  should  be  primed  before 
the  glass  is  set,  otherwise  the  wood  will  absorb  the  oil  from  the  putty.  All  glass  should  be 
accurately  cut  to  fit  the  rebates,  preferably  with  a  slight  play  and  especially  so  in  connection 
with  metal.  Rebates  should  be  of  proper  size  and  depth  ()^  in.  minimum)  to  receive  the 
glass. 

All  bending  of  curved  glass  ia  done  at  the  factory  and  it  ia  necessary  to  furnish  accurate  measurements,  {Mrofilea, 
etc.  All  kinds  of  glass  may  be  bent  by  placing  the  flat  sheet  on  a  mold  formed  to  the  shape  required  and  heating 
sufficiently  to  allow  the  glass  to  soften  and  fall  to  the  shape  of  the  mold,  after  which  it  is  necessary  to  re-anneal  the 
glass. 

1966.  Setting  Glass. — Glass  is  secured  in  place  by  means  of  putty  or  glazing  beads 
or  molds.  When  set  in  wrought-iron  doors,  the  glass  is  sometimes  bedded  on  felt  or  rubber 
strips.  Sash  are  usually  puttied,  and  beads  or  molds  are  usually  used  (always  in  first-class 
work)  in  connection  with  doors,  glazed  partitions,  etc.  Sash  should  be  glazed  flat  and  putty 
allowed  time  to  harden  before  handling. 

Plate  glass  in  large  lights,  such  as  in  store  front  construction  should  be  supported  on  pads 
of  felt,  leather,  lead,  oakum,  or  soft  wood  blocks,  one  at  each  end,  and  the  glazing  beads  or 
molds,  especially  if  of  metal,  should  not  be  drawn  too  tight. 

In  setting  mirrors  care  should  be  taken  that  not  only  the  backs  of  the  mirrors  but  also  their  frames  or  supports 
are  protected  from  dampness.  If  set  in  small  lights,  as  in  French  doors,  especial  care  should  be  taken  to  have  the 
backs  of  the  rebates  all  in  a  true  plane,  otherwise  the  image  will  be  distorted.  To  avoid  this  possible  distortion  a 
large  mirror  is  sometimes  used  with  false  muntins  on  the  face.  If  broken,  however,  this  type  of  construction  is  very 
difficult  and  expensive  to  repair.  The  backs  of  all  molds  and  false  muntins  should  be  painted  black  to  prevent 
their  reflection   from  showing. 

Cylinder  or  common  window  glass  usually  has  a  slightly  bowed  surface  and  should  be  set  with  the  bowed  or 
convex  side  out.     This  not  only  increases  the  strength  of  the  glass  but  tends  to  lessen  the  distortion. 

Wire  glass  should  be  set  with  the  twist  of  the  wire  running  vertically. 

Figured  glass  in  office  doors  should  be  set  with  the  smooth  side  out  (toward  corridor)  to  allow  for  sign  painting, 
and  in  windows  with  the  rough  side  out  wherever  possible  as  the  light  transmission  is  better  with  the  rough  side 
toward  the  source  of  the  light.     This,  however,  does  not  necessarily  apply  to  the  scientifically  designed  prism  glass. 

196c.  Putty  and  Puttying. — Glass  in  window  sash  is  usually  secured  in  position 
by  means  of  small  triangular  pieces  of  metal — ^known  as  glaziers  points — spaced  from  6  to  10  in. 
apart,  and  then  covered  with  putty  so  as  to  fill  the  rebate.     This  is  known  as  face  puttying. 

Bedding  is  a  term  used  when  a  thin  layer  of  putty  is  spread  on  the  rebate  of  the  open  sash 
and  the  glass  pressed  in  the  putty  to  an  even  bearing. 

Back  puttying  consists  in  pointing  up  or  forcing  putty  into  those  portions  of  the  joint  be- 
tween the  inside  face  of  the  glass  and  the  rebate  where  the  glass  and  the  wood  have  not  made 
absolute  contact. 

In  the  best  work  glass  in  doors,  especially  in  outside  doors,  is  bedded  and  back  puttied  as  well  as  secured  with 
molds,  and  in  sash  is  bedded,  back  puttied  and  face  puttied.     Stock  sash  are  only  face  puttied  and  other  sash  will 
not  be  bedded  and  back  puttied  unless  specifically  called  for.     Figured  glass  if  set  with  the  rough  side  to  the  rebate  • 
is  not  usually  bedded  or  back  puttied  on  account  of  the  difficulty  in  removing  the  putty  from  the  ridges  and  dreprea- 
siona  on  the  glass. 

The  common  commercial  putty  generally  used  for  setting  glass,  where  no  particular  make  or  brand  is  called 
for,  is  frequently  of  very  poor  quality.  The  best  putty  is  made  from  pure  whiting,  linseed  oil,  and  about  10% 
of  white  lead  paste.  The  addition  of  more  white  lead  will  cause  the  putty  to  dry  too  hard  and  to  adhere  so  firmly  to 
the  rebate  as  to  make  re-glasing  very  difficult  without  damaging  the  muntins. 

196(i.  Metal  Store  Front  Construction. — Plate  glass  in  show  windows,  store 
fronts,  etc.,  is  usually  set  in  metal  sash  bars,  sills,  division  bars,  etc.,  the  area  of  the  metal  or 
obstruction  of  view  being  reduced  to  a  minimum.  There  are  several  standard  makes  of  all 
metal  store  front  construction  on  the  market  and  detailed  descriptions  and  full  size  drawings 
of  the  different  members  may  be  obtained  from  the  manufacturers.  The  best  types  secure  the 
glass  from  the  outside  by  means  of  a  metal  locking  or  clamping  member  and  provide  for  drainage, 
ventilation,  and  illumination  if  desired. 
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PAINT,  STAIN,  VARNISH,  AND  WHITEWASH 

By  M.  Y.  Seaton 

Paint  and  varnish,  while  often  thought  of  only  from  a  decorative  standpoint,  should  pri- 
marily be  considered  as  protective  materials.  This  office  is  performed  through  building  up 
successive  thin  surface  coats  or  layers  of  materials  that  have  distinct  properties  and  separate 
services  to  perform;  and  each  of  these  will  render  this  service  according  as  to  whether  or  not  it 
is  the  requisite  material  and  correctly  or  incorrectly  applied  to  a  proper  base.  The  function 
of  stains  \s  more  decorative  than  protective,  being  used  under  paints  and  varnishes  to  bring  out 
color  or  graining. 

196.  Paint  as  a  Structural  Material. — Paints  perform  one  or  more  important  structural 
functions.  As  preservatives,  they  may  prevent  rusting  of  iron  or  steel,  or  may  exclude  damp- 
ness including  rot  in  wood.  As  reflectors  of  light  they  may  increase  the  useful  space  in  factories 
and  warehouses;  and  by  their  decorative  effect  they  make  possible  the  use  of  materials 
unsuited. 

197.  Test  for  Paints. — High  quality  in  paint  is  dependent  more  upon  physical  than  upon 
chemical  properties.  Chemical  analysis  can  detect  impurities,  such  as  excess  water  or  solu- 
ble sulphates,  but  gives  little  information  as  to  the  comparative  merits  of  a  variety  of  paints 
free  from  such  crude  faults. 

Physical  tests  for  paints  are  not  standardized,  nor  are  they  of  universal  application.  A 
service  test  under  given  conditions  is  the  most  valuable,  but  even  in  this  test,  care  must  be  taken 
to  insure  that  the  results  obtained  are  correctly  observed  and  interpreted.  The  method  of 
application  of  paint  is  also  of  vital  importance. 

A  gallon  of  good  paint  of  standard  quality  should  cover  about  300  sq.  ft.  on  wood,  two  coats,  and  should  have  a 
life  of  about  4  yr.  Its  color  should  be  durable,  its  surface  should  be  neither  too  hard  nor  too  soft,  and  it  should 
weather  to  a  proper  surface  for  repainting. 

198.  Composition  of  Paints. — All  paints  consist  of  a  vehicle,  usually  an  oil  which  hardens 
to  a  jell  on  oxidation  by  air;  and  a  pigment,  or  body  of  coloring  matter,  carried  by  the  vehicle 
and  embedded  in  it  when  dry.  These  must  be  suited  to  one  another  and  to  the  use  to  which 
they  are  to  be  applied. 

199.  Properties  of  Paint  Films. — The  properties  of  the  hardened  paint  films  are  the  prop- 
erties of  a  jell  of  oxidized  or  dried  oil,  the  character  of  this  being  dependent  (1)  upon  the  oil 
used  and  conditions  attending  its  refining  and  heating  treatment,  (2)  upon  the  properties  of  the 
individual  pigments,  and  (3)  upon  the  pigment  mixtures  employed.  The  film  may  be  so  elastic 
that  it  can  be  stretched  some  50  %  before  breaking — an  outside  house  paint  being  typical — 
or  it  may  stretch  but  little  before  breaking,  and  yet  be  very  tough  and  hard — as  a  floor  paint, 
for  example.  The  pigment  portion  of  the  hardened  film  is,  with  few  exceptions,  quite  inert 
chemically,  at  least  to  such  outside  agents  as  ordinarily  are  met  with.  The  jell  of  hardened  oil, 
however,  is  fairly  active  chemically.  It  reacts  very  readily  with  any  alkaline  material,  as  well 
as  with  all  strong  acids.  Some  of  its  properties,  especially  its  color,  are  influenced  by  even  very 
dilute  industrial  fumes.  It  frequently  reacts  slowly  with  water.  And  above  all,  the  reaction 
with  atmospheric  oxygen  does  not  stop  with  production  of  the  solid,  but  proceeds  more  or  less 
rapidly,  usually  with  the  formation  of  water-soluble  or  brittle  disintegration  products  and  even- 
tual destruction  of  the  film.  Fortunately,  this  final  result  is  ordinarily  not  reached  for  many 
years,  until  after  other  factors  have  led  to  renewal  of  the  paint. 

200.  Pigments. — The  solid  portion  of  any  paint,  to  which  it  owes  its  opacity  and  color,  is 
called  pigment.     Pigments  may  be  classified  as  white,  color,  and  transparent  or  inert. 

200a.  White  Lead  Pigments. — White  lead  is  a  name  applied  to  two  different 
pigments.  One,  the  basic  carbonate  of  lead,  is  the  old  Dutch  process  or  corroded  lead;  the 
other,  the  basic  sulphate,  is  a  fume  pigment,  closely  resembling  in  properties  the  older  material. 
Both  are  largely  used  in  exterior  paints;  white  lead  is  sometimes  used  alone,  and  sometimes  com- 
bined with  zinc  oxide  and  inert  pigment. 
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Zinc  Oxide, — Zinc  oxide,  made  from  metallio  uno  or  from  an  extremely  pure  ore,  eontaias  partieifls  tlie  fti 
sixe  of  which  ie  lees  than  any  other  pigment — eave,  perhape,  aome  lampblacks.  Combined  with  white  lead  it  ii 
extremely  valuable  in  outside  paints,  but  it  should  not  be  med  alone.  It  is  widely  med  in  exterior  enamels  aad 
flat  paints.  The  leaded  sines  have  properties  more  or  less  intermediate  between  those  of  sublimed  lead  and  sine 
oxide. 

Lithopone. — ^Lithopone  is  an  intimate  mixture  of  sine  sulphate  and  barium  sulphate,  formed  by  reacttoo  be- 
tween salts  of  the  two  metals;  it  has  little  durability  in  an  exterior  paint,  but  is  very  useful  in  factory  enamels  aad 
interior  wall  paints. 

200&.  Color  Pigments — Reds, — Iron  oxide,  of  varying  oxide  content  and  color, 
is  widely  used.  When  it  is  a  constituent  of  a  paint  used  on  steel,  freedom  from  a  large  amount 
of  sulphate  is  important. 

Red  Lead. — Two  varieties  of  red  lead  are  med  as  color  pigments,  one  pctftieularly  pure  (PbaOO  ami  the  oClitr 
containing  at  least  10  %  of  lead  monoxide.  The  former  can  be  kept  mixed  with  oil,  but  the  latter  should  only  be 
mixed  shortly  before  use.  There  is  much  discussion  regarding  the  comparative  merits  of  the  two  products,  but 
both  seem  to  have  given  good  results  in  practice.  Red  lead  is  of  little  value  in  the  final  coat  of  paint  if  it  is  to  be 
expoeed  to  weather.  Applied  to  iron  or  steel,  it  is  extremely  valuable  as  a  rust  preventative,  and  where  durmbilitj 
to  weather  is  required,  it  can  be  protected  by  a  coat  of  another  paint. 

American  Vermillion  is  a  red  lead  on  which  an  organic  dye  is  precipitated.  It  has  the  valu- 
able rust-preventative  properties  of  red  lead.  Many  other  red  organic  dyes,  precipitated  on 
inert  bases,  are  used  under  the  name  of  parsrreds. 

Yeliowa, — Most  of  the  yellow  pigments  are  used  for  tinting  or  altering  the  color  of  other 
pigments,  and  are  without  special  interest  here.  They  are  either  natural  oxides  high  in  silica, 
or  artificial  chromates.  One,  zinc  chromate,  is  an  excellent  rust  inhibitive,  and  is  sometimes 
added  to  paints  used  on  iron  and  steel. 

Greens, — The  greens,  like  the  yellows,  are  largely  used  for  tinting.  They  are  usually  a 
mixture  of  blue  and  yellow  pigment. 

Blues. — Sublimed  blue  lead  is  a  fume  pigment,  high  in  lead  oxide,  and  an  excellent  rust 
inhibitor.  It  is  valuable  in  metal  paints  of  all  kinds.  The  other  blues  are  largely  used  for 
tinting. 

Browns, — ^The  brown  pigments  are  usually  iron  oxides,  always  containing  silica,  and  some- 
times much  manganese.  Certain  ores  under  the  name  of  '^  Princes  Metallic ''  are  widely  used 
for  painting  metal  work. 

Blacks, — Graphite  is  perhaps  the  most  important  pigment  of  this  class.  It  is  used  in  large 
amounts  as  a  paint  for  ironwork,  preferably  over  a  first  coat  of  red  lead.  Graphite  makes  a 
paint  film  which  is  very  impermeable  and  excludes  water  and  gases  well.  As  a  second  coat,  it 
is  very  valuable.  It  should  be  mixed  with  an  inert  pigment,  preferably  silica.  Both  natural 
and  artificial  graphite  are  used,  the  natural  product  being  preferred. 

Lamp  and  carbon  blacks  are  soot  products.     They  should  not  be  applied  direct  to  metal  unless  an  inhibitiva 
pigment  of  some  type  is  mixed  with  them. 

200c.  Inert  Pigments. — The  most  important  materials  in  this  class  are  barium 
sulphate,  both  natural  and  artificial;  china  clay;  a  magnesium  siHcate,  usually  known  as  asbes- 
tine or  asbestine  pulp;  silica,  and  calcium  carbonate  or  whiting.  Their  particles  are  compara- 
tively large  and  they  impart  neither  color  nor  opacity  to  paint.  Their  use  is  largely  restricted 
to  ready  mixed  and  special  paints,  and  they  are  frequently  known  as  extenders.  Intelligently 
used  in  not  too  large  quantities  by  a  reputable  manufacturer  they  should  not  be  classed  as  adult- 
erants, as  they  are  frequently  valuable  in  modifying  the  physical  characteristics  of  the  paint 
film.  It  is  inadvisable,  however,  to  permit  their  use  in  connection  with  paints  mixed  by 
hand. 

201.  Paint  Vehicles. — ^The  liquid  portion  of  the  paint,  which  after  drying  furnishes  the 
binding  material,  is  called  the  vehicle.  The  usual  paint  contains  both  volatile  and  non-volatile 
liquids  in  its  vehicle  portion. 

201a.  Dr3ring  Oils. — ^These  are  all  compounds  of  glycerine  with  fatty  acids,  and 
on  exposure  to  the  air  absorb  oxygen  and  are  converted  into  soUds.  Linseed  oil  is  most  widely 
used,  and  for  general  paints  for  exterior  exposure  is  probably  unexcelled.     Chirm  wood  oil,  soy 
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bean  oil,  and  fish  oil  are  also  used,  almost  invariably  being  first  treated  by  varnish  making 
methods.  When  properly  used  by  the  manufacturers  of  special  purpose  paints  of  wide  variety, 
they  should  not  be  considered  as  substitutes  for  linseed  oil,  but  as  products  of  high  quality, 
having  properties  not  possessed  by  linseed  oil  itself. 

2016.  Thinners. — ^Turpentine  and  the  so-called  'turpentine  substitutes"  fall  in 
this  class.  In  the  hand  of  the  painter  or  consumer,  turpentine  is  the  safe  material  to  use.r 
Substitutes,  if  of  a  high  quality  and  free  from  non- volatile  petroleum  oils,  may  be  equally  satis- 
factory in  the  hands  of  a  manufacturer  who  has  made  a  special  study  of  their  use,  but  elsewhere 
they  should  generally  be  avoided,  the  principal  exception  being  the  use  of  160-deg.  benzol  in 
connection  with  the  priming  of  resinous  woods  and  for  thinning  paste  filler. 

201c.  Driers. — These  are  soluble  compounds  of  lead,  manganese  or  cobalt 
present  in  the  vehicle.  Their  function  is  to  accelerate  the  absorption  of  oxygen  and  conse- 
quently the  hardening  of  the  drying  oil.  Their  use  in  excess  hastens  the  final  disintegration 
of  the  paint  film. 

202.  Hand-mixed  Paint — ^The  principal  materials  used  for  making  hand-mixed  paints 
are  white  lead,  zinc  white,  linseed  oil,  turpentine,  and  a  small  amount  of  dryer.  The  so-called 
extenders,  turpentine  substitutes,  etc.,  have  no  place  in  connection  with  paints  of  this  nature. 

White  lead  may  be  used  either  alone  or  in  combination  with  lino  white.  Zinc  white  is  not  used  alone  except  in 
special  instances.  The  order  in  which  the  materials  should  be  mixed  is  important.  The  pastes  should  be  broken 
up  with  no  more  oU  than  is  necessary  and  the  sine  added  to  the  lead,  then  the  tinting  colors,  then  the  dryer,  then 
the  rest  of  the  oil,  and  last  the  turpentine.     Each  ingredient  should  be  thoroughly  mixed  before  the  next  is  applied. 

Hand-mixed  paints  have  an  advantage  over  ready-mixed  paint  in  that  the  painter  can  vary  the  proportion  and 
materials  to  meet  the  actual  conditions  of  surface  and  finish.  In  the  hands  of  an  inexperienced  painter,  however, 
this  is  of  doubtful  value. 

203.  Ready-mixed  Paint — Ready-mixed  paint  should  be  of  reputable  manufacture  and 
delivered  in  sealed  containers.  It  usually  contains  both  lead  and  zinc  with  the  addition  of  not' 
over  15  %  of  inert  pigments  or  extenders.  They  are  mixed  in  the  proper  proportions  for  the 
finishing  coats  and  therefore  require  some  modifications  or  manipulations  when  used  as  priming 
and  undercoats.     These  modifications,  however,  are  easily  made. 

Good  results  may  be  obtained  by  the  use  of  either  ready-mixed  paints  or  hand-mixed  paints,  but  in  the  hands  of 
an  inexperienced  painter  it  is  usually  safer  to  use  the  ready  prei>ared  material. 

Thorough  mixing  before  use  is  essential  in  connection  with  the  use  of  these  paints.  The  liquid  portion  should 
first  be  poured  off  and  the  remaining  contents  stirred  from  the  bottom  until  of  uniform  consistency  and  the  liquid 
portion  then  replaced  and  stirred  in  thoroughly. 

204.  Special  Paints. — Special  conditions  frequently  call  for  paints  having  unusual  proper- 
ties. The  paint  manufacturer,  by  proper  treatment  of  the  drying  oils,  and  proper  pigment 
choice,  can  produce  an  almost  infinite  variety  of  products  which  will  answer  the  requirements 
of  each  particular  case. 

206.  Application  of  Paint — The  first  coat  of  paint,  known  as  the  priming  coat,  must  key 
to  the  substance  to  which  it  is  applied,  must  be  unaffected  by  any  substances  contained  in  that 
suriace,  and  must  itself  afford  a  proper  surface  upon  which  to  apply  the  subsequent  coats. 

After  the  priming  coat,  the  base  or  intermediate  coats  are  applied  to  build  up  a  proper  . 
suriace  upon  which  to  place  the  finishing  coats.     Their  composition  is  largely  determined  by 
the  exposure  and  nature  of  the  finishing  coat;  and  the  number  of  coats  by  the  color  and  character 
of  the  suriace  to  which  they  are  applied. 

The  finishing  coat,  or  last  coat  applied,  is  the  suriace  which  receives  all  wear.  It  is  therefore 
necessary  that  it  not  only  give  the  finished  appearance  desired,  but  also  that  it  be  able  to  with- 
stand atmospheric  and  other  conditions  of  use. 

The  priming  coat  should  be  well  worked  into  the  surface,  brushing  both  with  and  across  the  grain;  it  should  be 
brushed  out  thin  and  the  entire  surface  covered.  Each  coat  should  be  brushed  out  to  a  uniform  thin  film,  and  thor- 
oughly dry  before  the  next  coat  is  applied. 

In  some  circumstances,  dipping  and  spraying  are  preferable  to  brush  coats.  Paints  should  never  be  applied 
in  very  cold  weather  unless  absolutely  necessary  nor  under  any  oiroumstanoes  when  mmsture  is  present  on  the 
■urfaoe. 
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206.  Painting  Concrete,  Stucco,  and  Plaster. — Painting  these  surfaces  is  perhaps  the  most 
difficult  paint  problem  encountered.  The  alkaline  materials  present  must  be  prevented  from 
acting  on  the  drying  oils  with  which  they  readily  saponify.  The  surface  is  also  porous  and  tends 
to  absorb  the  paint  vehicle  before  drying  can  occur,  and  moisture  is  very  likely  to  be  present. 

Painting  of  these  surfaces  should  be  done  only  in  dry  weather  and  if  possible  after  a  dry 
spell  of  a  week  or  so,  since  if  moisture  \a  present,  it  will  cause  the  paint  to  peel.  Painting, 
however,  will  not  prevent  the  formation  of  efflorescence  unless  the  source  of  moisture  infiltration 
is  first  found  and  stopped. 

Free  lime  or  alkaline  material  from  such  surfaces  usually  disappear  after  about  2-yr. 
exposure  after  which  period  no  special  treatment  will  be  required  on  this  account.  If,  however, 
they  are  present  at  any  time  even  in  small  amount,  it  is  necessary  that  they  be  neutralized 
or  that  a  special  paint  unaffected  by  them  be  used.  There  are  a  number  of  excellent  paints 
especially  made  to  resist  alkaline  action  and  to  stop  suction  of  evaporation  which  may  be  used 
for  priming  coat;  and  on  the  practically  inert  surface  thus  formed  any  paint  suitable  foi^he 
exposure  or  finish  desired  may  be  used. 

Unless  a  special  primer  is  used,  it  is  always  necessary  to  neutralize  any  possible  free  lime. 
Thii!  may  be  done  by  applying  with  a  whitewash  or  calcimine  brush,  a  solution  of  zinc  sulphate 
and  water,  about  5  or  6  lb.  of  the  sulphate  dissolved  in  a  gallon  of  water.  After  about  three 
days  of  drying,  the  priming  coat  may  be  applied. 

For  sisins  inaide  plaster  surfaces,  good  paint  oontaining  about  50  %  of  varnish  should  be  used.  Varnish  aise 
is  sometimes  used,  but  while  it  stops  suction  and  thereby  enables  the  painter  to  possibly  reduce  the  number  of  coats 
required  for  the  finish,  it  does  not  properly  key  to  the  surface  and  is  itself  glossy. 

If  a  ready-mixed  flat  coater  is  used,  one  quart  of  oil  should  be  mixed  to  the  gallon  of  paint  for  the  first  coat, 
unless  otherwise  stated  in  the  manufacturer's  directions. 

If  a  ready-mixed  paint  is  used,  1^  pints  of  turpentine  and  1  pint  of  linseed  oil  to  each  gallon  of  paint  should 
be  added  for  priming.     To  other  undercoats  1  pint  of  turpentine  should  be  added  to  each  gallon. 

If  hand-mixed  oil  paint  is  used,  a  good  result  may  be  obtained  by  the  use  of  70  %  white  lead,  30  %  sine  white* 
80  %  linseed  oil,  and  20  %  turpentine.  If  a  semi-flat  finish  is  desired  the  amount  of  oil  may  be  reduced  in  the  final 
coat. 

Each  ooat  should  be  allowed  at  least  3  days  to  dry  and  no  painter  should  permit  himself  to  be  hurried  beyond 
the  point  of  absolute  safety  in  assuring  results. 

207.  Painting  Brickwork. — Brickwork  must  be  thoroughly  dry  before  attempting  to  paint. 
In  order  to  obtain  a  satisfactory  result  it  is  necessary  to  prevent  the  brick  from  absorbing  the  oil 
from  the  paint  before  it  has  an  opportunity  to  dry.  This  may  be  accomplished  by  first  applying 
two  coats  of  raw  linseed  oil  with  the  addition  of  one-half  pint  of  ''oil  dryer"  per  gallon  to  the 
brick.  Liquid  dryers  and  Japans  are  not  suitable.  Full  coats  should  be  applied,  and  each  coat 
allowed  10  days  to  dry.  After  this  treatment,  the  finishing  coats  of  oil  paint  may  be  applied. 
These  may  be  similar  to  the  paint  used  for  soft  pine  woods. 

This  same  treatment  may  also  be  applied  to  old  stucco  or  rough  coat  plaster  surfaces. 

208.  Paints  for  Interior  Walls. — Illumination  is  so  largely  influenced  by  wall  color  that 
painting  factory  interiors  becomes  important,  entirely  aside  from  any  sanitary  or  decorative 
advantages  gained.  Cold  water  paints  are  sometimes  used,  but  except  in  isolated  cases,  are 
undesirable,  being  unsanitary,  easily  soiled,  and  eventually  flaking  from  the  surface.  Flat 
paints — ^that  is,  paints  drying  with  a  non-glossy  finish — are  desirable  in  residences  and  ofl&ce 
buildings.  They  contain  lithopone  or  zinc  oxide,  with  inert  pigments,  mixed  usually  with  a 
vehicle  containing  china  wood  oil  and,  if  of  good  quality,  will  withstand  repeated  washing  with- 
out injury.  For  factories,  a  gloss  paint  is  preferred,  as  it  is  more  durable,  and  withstands 
cleaning  better.  Lithopone  is  almost  invariably  the  main  pigment  used  and  the  vehicle  is 
ispecially  prepared  so  that  the  paint  will  not  acquire  a  yellow  color  with  age,  or  on  exposure  to 
various  industrial  gases. 

209.  Paints  for  Steel. — Certain  pigments,  notably  sublimed  blue  lead,  red  lead,  zinc 
chromate,  black  iron  oxide,  and  a  special  pigment  resembling  Portland  cement  in  composition, 
possess  the  property  of  inhibiting  the  rusting  of  iron.  A  pigment  of  this  class  should  always 
be  present  in  the  first  coat  applied  to  steel  work.  Many  of  these  pigments  produce  paints  which 
have  little  durability  unless  protected  from  the  weather,  so  that  best  results  are  obtained  by 
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covering  this  first  coat  with  a  durable  paint,  which  need  not  contain  an  inhibitive  pigment. 
It  is  advantageous  to  have  this  second  paint  very  impermeable,  a  property  secured  by  pigment 
combination — graphite  being  particularly  effective — or  by  use  of  special  varnish  or  treated  oils 
in  the  vehicle.  The  properties  of  this  second  paint  may  also  be  modified  depending  upon  the  use 
to  which  the  painted  steel  is  to  be  put. 

210.  Painting  Galvanized  Iron. — Galvanized  iron  is,  on  account  of  the  character  of  its 
surface,  especially  when  new,  a  very  difficult  material  to  paint;  and  such  painting  should  not  be 
attempted  except  in  dry  and  moderately  warm  weather.  On  account  of  the  difficulties  to  be 
encountered,  there  have  been  placed  on  the  market  a  niunber  of  special  paints  foruseongalva* 
nized  iron,  some  of  which  have  given  very  good  results. 

If  galvaniied  iron  is  allowed  to  weather  for  a  year  before  painting,  ordinary  oil  painta  may  be  used,  but  if  new» 
the  surface  must  be  specially  treated  to  enable  the  paint  to  adhere.  To  this  end  it  is  sometimes  washed  with 
dilute  nitric  or  muriatic  acid  and  wiped  off  with  bensine.     This  acid  treatment,  however,  is  likely  to  cause  rust; 

I 

andia  more  satisfactory  method  is  to  brush  the  surface  with  a  solution  of  6  os.  of  acetate  of  copper  to  a  gallon  o( 
water,  allowing  this  to  dry.  After  the  copper  acetate  has  remained  on  the  surface  for  24  hr.  it  will  remove  aU 
grease  or  other  substances  that  would  interfere  with  the  proper  painting,  and  produce  a  blackened  and  somewhat 
stippled  surface  to  which  paint  will  readily  adhere.  If  desired,  copper  chloride  or  copper  sulphate  may  be  used  in 
place  of  copper  acetate. 

After  treatment  as  above,  the  galvanised  iron  may  be  painted  with  ordinary  oil  paint,  mixing  with  the  first 
coat  about  one  quart  of  turpentine  to  the  gallon  of  paint.  It  is  better,  however,  after  treatmg  the  siirface,  to  apply 
a  coat  of  pure  red  lead  paint,  mixed  with  about  50%  linseed  oil  and  50%  turpentine;  and  over  this,  not  leas  than  two 
coats  of  lead  and  oil  paint. 

211.  Painting  Copper. — Copper  is  not  usually  painted.  If,  however,  a  painted  effect  is 
required,  the  surface  should  be  cleaned  with  benzol  and  an  elastic  paint  used.  For  the  first 
coat,  if  ready-mixed  paint  is  used,  one  quart  of  turpentine  and  one-half  pint  of  exterior  varnish 
should  be  added  to  the  gallon  of  paint;  and  to  the  second  coat  one-half  pint  of  the  varnish  but 
no  turpentine.     Red  lead  paint  may  also  be  used  for  the  first  coat,  as  in  painting  galvanized  iron. 

212.  Stain. — The  function  of  wood  stains  is  to  change  or  modify  the  color  and  bring  out  the 
grain  and  texture  of  the  wood.  They  are  known  as  oil  stains,  water  or  acid  stains,  spirit  stains, 
and  chemical  stains,  according  to  the  vehicle  employed. 

212a.  Oil  Stain. — Oil  stain  is  not  necessarily  a  stain  in  which  the  vehicle  is  en- 
tirely oil.  It  may  contain  oil  only  as  a  binder,  or  may  be  composed  wholly  of  solvents  of  oil. 
If  composed  only  of  oil,  it  is  practically  a  paint,  will  not  penetrate  the  wood  to  a  sufficient  depth, 
and  will  cloud  or  obscure  the  grain,  giving  a  muddy  effect. 

These  stains,  however,  are  easy  to  apply,  do  not  raise  the  grain  of  the  wood,  and  are  largely 
used  in  connection  with  the  resinous  woods  such  as  yellow  piney  and  also  for  staining  exterior 
woodwork.  They  are  applied  with  a  brush  and  should  be  wiped  off  to  prevent  obscuring  the 
grain.  In  staining  such  woods  as  yellow  pine,  it  is  best  to  apply  a  thin  coat  of  linseed  oil  and 
about  10  %  turpentine  before  staining.  In  woods  of  this  class,  there  is  a  marked  difference  be- 
tween the  absorption  in  connection  with  the  heart  or  harder  portions  and  the  sap  or  softer  por- 
tions, and  if  the  stain  is  applied  without  previous  treatment  there  will  be  too  much  contrast 
between  the  hard  and  soft  portions.  The  coat  of  oil  tends  to  equalize  these  surfaces  and  gives 
a  more  uniicrm  surface  on  which  to  apply  the  stain. 

For  staining  exterior  woodwork  such  as  half-timber  work,  exposed  rafters,  etc.,  and  where  no  finish  other  than 
■tain  is  desired,  there  are  several  good  proprietary,  protective  stains  on  the  market.  Good  results  can  also  be  ob- 
tained by  the  use  of  a  stain  composed  of  about  40%,  160-deg.  bensole,  60%  raw  linseed  oil,  and  ground  color  in  oil 
as  required.  After  staining,  a  coat  of  raw  linseed  oil  and  10  %  turpentine  should  be  applied.  In  the  best  work, 
two  coats  of  oil  are  applied.  If  a  very  dark  effect  is  required,  it  is  better  to  use  two  coats  of  stain,  as  if  only  a 
single  heavy  coat  is  used,  it  will  obscure  the  grain  and  the  effect  will  be  rather  that  of  i)aint  than  of  stain.  For 
the  silver  gray  shade,  and  light  colors,  only  one  coat  of  stain  will  be  required.  These  stains  may  also  be  used  for 
dipping  shingles  but  ready-mixed  preservative  stains  are  more  generally  used. 

2126.  Water  and  Spirit  Stains. — These  stains  are  solutions  of  dyes;  and  if  made 
of  analine  dyes  are  likely  to  fade,  so  that  an  acid  is  sometimes  added  to  prevent  this  tendency. 
They  are  clear,  penetrate  deeply,  and  do  not  obscure  the  grain  of  wood. 

In  water  stains,  the  vehicle  is  water  sometimes  acidified,  and  in  spirit  stains  the  vehicle 
is  alcohol. 
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Wftt«r  Btaina  give  most  saiiafactory  results  in  brincixig  out  the  natural  beauty  of  the  wood,  but  have  a  teademoj 
to  raise  the  grain.  In  order  to  correct  this,  open  grain  woods,  such  as  oak,  should  be  first  sponged  with  water,  al- 
lowed to  dry,  and  then  sandpapered.  The  stain  may  then  be  api^ed  without  further  raising  the  grain.  If  the 
stain  is  applied  without  first  sponging  the  wood,  and  the  surface  is  then  sandpapered  smooth,  too  much  of  the 
stain  will  be  removed. 

Sponging  with  water  before  staining  is  not  necessary  in  connection  with  close  grain  woods,  such  as  biroh,  white 
pine,  etc. 

212c.  Chemical  Stains. — These  change  the  color  of  the  wood  through  chemical 
action  and  not  through  coloring  matter  contained  in  a  vehicle.  They  are  adapted  for  use  only 
in  connection  with  certain  woods  principally  oak,  chestnut,  and  ash,  and  are  composed  of  various 
chemicaltt  usually  mixed  with  water  with  sometimes  the  addition  of  a  little  ammonia. 

Among  the  more  commonly  med  materials  are:  Iron  salts,  in  various  acidulated  forms,  producing  a  dark 
brown  color;  Potassium  and  Sodium  Bichromate,  producing  various  shades  of  brown  and  red;  and  Copporaa,  to- 
gether with  Zinc-sulphate,  producing  green  and  various  weathered  effects.  Chemical  stains  are  economically 
prepared  but  their  use  should  not  be  attempted  except  in  the  hands  of  an  exi>erienced  painter.  Artistic  weathered 
effects  may  be  obtained  by  the  use  of  these  stains  without  either  filler  or  varnish  by  merely  wiping  the  stained 
surface  with  a  liquid  wax. 

213.  Fillers. — ^Liquid  fillers  are  varnishes  of  low  viscosity,  usually  containing  finely  divided, 
transparent,  or  translucent  solid  matters.  They  are  alBo  sometimes  colored,  and  are  used 
chiefly  as  first  coats  on  pine  and  other  close  grain  woods.  These  fillers  are  usually  applied  as  a 
varnish  and  allowed  to  remain  without  rubbing  off.  They  have  a  tendency  to  discolor  the  wood, 
do  not  alwa>^  dry  out  entirely,  and  are  used  rather  for  cheapness  than  for  quality.  A  coat  of 
good  varnish  will  usually  give  a  more  satisfactory  result. 

Paste  fillers  are  used  for  filling  open-grain  woods  such  as  chestnut,  oak,  etc.  These  fillers  consist  of  a  finely 
powdered  mineral  substance  ground  to  a  paste  in  a  special  type  of  varnish.  This  paste  is  thinned  with  turpentine 
or  bensot,  is  brushed  on  the  surface,  and  wiped  off  after  it  has  set  but  before  it  has  hardened.  The  wiping  off 
should  be  carefully  done  acroes  the  grain  so  as  to  only  remove  the  filler  from  the  surface  and  not  from  the  grain. 
These  fillers  may  be  obtained  colorless,  or  in  various  tints  or  colors.  The  colorless  filler  can  be  mixed  with  various 
colors  ground  in  oil  to  obtain  the  desired  effect. 

Paste  fillers  are  not  generally  used  for  exterior  work  on  account  of  the  weather  loosening  the  filler  in  the  grain 
and  thereby  destro3ring  the  surface  finbh.  Their  use  is  becoming  lees  for  interior  work  also,  as  the  modem  tendency 
is  to  emphasise  the  effect  to  be  obtained  through  the  use  of  open-grained  woods. 

214.  Varnish. — *^  Varnish  is  a  liquid  not  containing  suspended  matter  (pigment)  used  for 
decoration  or  protection  and  capable  of  being  spread  in  a  thin  homogeneous  film  which  will  dry 
to  a  hard  coating.''  It  is  roughly  classified  as  spirit  varnish  and  oil  varnish  according  to  the 
vehicle  used.  Spirit  varnishes  contain  only  resin,  shellac,  or  similar  substances,  and  a  volatile 
solvent,  usually  alcohol  or  turpentine;  oil  varnishes  contain  in  addition  to  the  resin,  etc.,  a 
fixed  or  fatty  oil.  The  oil  varnishes  are  the  more  important  class  and  embrace  numerous  types, 
such  as  spar  varnish,  exterior  varnish,  interior  varnish,  floor  varnish,  rubbing  varnish,  etc. 
Based  upon  the  relative  amount  of  gum  and  oil  used  in  oil  varnishes  they  are  known  as  short 
oil,  and  long  oil  varnish. 

In  short  oU  varniahea,  hardness,  luster,  susceptibility  to  high  polish,  and  quick  drying  are 
more  essential  qualities  than  durability.  They  include  such  varnishes  as  furniture,  rubbing,  and 
polishing  varnish.  Medium  oil  varnishes  include  the  usual  architectural  varnishes.  In  these, 
hardness,  luster,  and  a  fair  degree  of  durability  are  the  most  desirable  qualifications.  In  long 
oU  vamisheSj  durability  is  the  principal  quality  desired,  and  they  are  intended  primarily  for 
exterior  use.  The  short  oil  varnishes  are  hard;  the  medium  varnishes,  moderately  hard;  and 
long  oil  varnishes  elastic.  By  blending,  almost  any  degree  of  hardness  and  elasticity  may  be 
obtained. 

The  principal  raw  materials  used  in  the  manufacture  of  varnish  are  fatty  oil  (linseed  oil  and  turpentine)f 
volatile  thinners  (turpentine,  mineral  spirits,  and  alcohol),  metallic  dryers  (metallic  comiKJunds  of  lead  and  man- 
ganese), and  resin  (copals,  including  "fossil"  gums.  Dammar  resin,  and  shellac). 

Oil  varnishes,  without  resin,  are  made  for  special  uses  not  generally  connected  with  building  construction. 

ArchiUi^urai  oil  vamitfiet  contain  resin  or  gum  in  some  form  as  an  important  constituent.  The  resin  is  heated 
until  completely  melted  and  the  previously  heated  oil  is  then  added.  The  dryers  are  added  either  separately  or 
incorporated  in  the  oU  and  the  mixture  heated  until  it  is  judged  ready  to  be  cooled,  thinned,  and  stored.  HardneM 
is  usually  obtained  by  increasing  the  amount  of  resin,  and  elasticity  by  decreasing  the  resin. 
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The  detaili  of  manufaoture  ymty  in  oonneotion  with  the  different  sr^M  and  Idndi  of  Tarnish  and  among  differ- 
ent manufacturers  in  the  making  of  the  same  kind  and  grade  of  varnish.  Oil  varnish  is  not  a  mere  mechanical  mix- 
ture of  the  various  raw  materials.  Chemical  changes  take  place  in  both  the  oU  and  the  resin;  and  it  is  possible, 
by  varying  the  methods  of  manufacture,  to  produce  varnishes  of  radically  different  properties  from  the  same  kinds 
of  raw  materials. 

Flattening  or  flal^finiMh  tamiaKea  are  of  special  and  often  complex  manufacture  and  frequently  contain  wax  or 
a  small  amount  of  pigment.  Some,  however,  are  produced  by  the  use  of  tung  oil  not  heated  sufficiently  to  prevent 
it  from  drying  flat. 

The  principal  spirit  varnishes  used  in  connection  with  building  are  Dammar  varnish  and  shellac  varnish. 
Dammar  vamiah  is  made  by  treating  dammar  resin  with  turpentine,  or  light  mineral  oil,  usually  in  the  proportion 
of  5  or  6  lb.  of  resin  to  1  gal.  of  solvent.  The  resin  is  not  entirely  dissolved  and  the  commercial  varnish  shows  some 
turbidity,  or  cloudiness.  Shdlac  tamUh  is  made  by  dissolving  white  or  orange  shellac  in  alcohol.  Either  wood 
or  a  grain  alcohol  may  be  used,  but  on  account  of  the  disagreeable  odor  and  danger  of  poisoning  attending  its  use, 
wood  alcohol  is  seldom  used  alone  and  the  use  of  grain  alcohol  is  usually  made  a  requirement  in  connection  with  the 
manufacture  of  shellac  varnish.  A  usual  proportion  for  a  rather  heavy  body  varnish  is  5  lb.  of  shellac  to  the  gallon 
of  aloohoL     This  may  be  thinned  to  whatever  consistency  is  required  in  connection  with  its  intended  use. 

Shellac  varnish  finds  a  large  use  as  an  undercoating  or  first  coat  in  connection  with  varnish  and  wax  finish. 
Applied  in  a  thin  coat  it  is  easily  rubbed  with  steel  wool  to  a  dull  smooth  surface.  It  should  not  be  used  in  connec- 
tion with  exterior  work  as  it  has  poor  resistance  to  atmospheric  conditions. 

Shellao,  either  orange  or  white,  is  sometimes  used  for  a  finish  alone.  It  gives  a  very  pleasing  finish  without 
much  luster  but  requires  more  coats  than  oil  varnish,  is  easily  worn  down,  injured  or  defaced,  and  turns  perman- 
ently white  from  contact  with  water. 

ArehiUetural  vamiahea  are  designed  especially  for  use  in  the  decoration  and  protection  of  the  exterior  and 
interior  woodwork  of  building. 

Bxterior  vamiahet  have,  as  a  prime  requisite,  ability  to  resist  exposure.  They  should  be  elastic,  resist  abra- 
sion, mobture,  light,  and  heat,  or  sun  and  cold.  Spar  varnishes  were  originally  designed  to  protect  the  spars  of 
ships  but  the  term  is  now  sometimes  applied  to  a  class  of  tough  elastic  interior  varnishes  as  well  as  a  varnish  for 
exterior  use.  Spar  varnish  should  dry  slowly,  should  have  a  moderate  luster,  remain  elastic,  and  be  resistant  to 
water. 

Marine  vamiahea  are  designed  to  resist  salt  or  fresh  water  and  marine  atmosphere. 

Coach  vamiah  was  originally  a  high  gloss  varnish  for  finishing  carriages,  railway  coaches,  etc.,  and  the  term 
'*  Na  1  Coach  "  indicated  the  best  quality.     No.  1  Coach  varnish  has  at  the  present  time  no  definite  meaning. 

Interior  vamiahea  for  general  interior  finish  should  be  of  fair  body,  moderately  rapid  in  drying,  fairly  lightin  color, 
of  moderate  hardness,  unaffected  by  occasional  moisture,  and  of  permanent  luster.  The  best  grades  will  not  turn 
white  on  exposure  to  water.  They  are  not  expected  to  possess  the  same  resistance  as  can  be  obtained  in  exterior 
varnish.  Varied  and  diverse  effects  and  surfaces  are  required  of  them  and  the  choice  of  the  interior  varnish  to  use 
largely  depends  on  the  particular  surface  finish  desired. 

Hard  oU  finiah  was  originally  a  finish  obtained  by  rubbing  the  wood  with  a  number  of  successive  coats  of  lin- 
seed oiL  As  applied  to  varnish  the  term  today  is  meaningless  and  does  not  denote  quality,  many  manufaoturen 
listing  a  cheap  grade  of  varnish  as  hard  oil  finish. 

Rubbing  vamiah  is  a  varnish  capable  of  being  abraded  with  pumice  stone,  and  polished.  It  must  be  hard, 
comparatively  brittle,  must  not  soften  with  heat  generated  by  friction,  nor  be  affected  by  the  water  or  oil 
used  in  the  process  and  must  be  capable  of  receiving  a  high  polish. 

Pcliahing  vamiah  is  similar  to  rubbing  varnish  but  is  capable  of  receiving  and  retaining  a  high  polish. 

Flat  vamiah  dries  to  a  dull  or  semi-gloss  finish  and  is  used  primarily  to  get  the  effect  of  rubbed  work  at  a  oon- 
siderable  less  expense.  Ordinarily  interior  varnish  may  be  flattened  by  an  addition  of  turpentine  and  paraffin 
but  the  life  of  the  finish  is  thereby  materially  lessened.  Many  of  the  ready  prei>ared  flat  varnishes  contain  wax  and 
when  used  it  should  be  with  the  fact  borne  in  mind  that  wax  is  the  only  material  with  which  they  can  be  refinished, 
neither  varnish  nor  paint  adhering  to  a  waxed  surface. 

Floor  vamiah  should  be  elastic,  should  dry  over  night,  and  be  ready  for  use  in  48  hr.  It  should  be  tough 
and  resistant  to  shock  or  abrasion,  and  not  affected  by  moderate  contact  with  moisture.  Shellac  is  sometimes  used 
as  a  floor  varnish,  but  it  is  brittle,  turns  white  on  contact  with  water  and  has  poor  wearing  qualities. 

Teata  for  Vamiah. — The  testing  of  oil  varnishes  by  analysis  is  not  an  entirely  satisfactory  way  in  which  to 
Judge  quality.  The  present  methods  of  analysis  are  not  adequate  to  determine  the  relative  amounts  of  the  different 
gums  nor  to  separate  the  tung  oil  and  linseed  oil.  Moreover,  the  method  of  manufacture  is  to  a  large  extent  respon- 
sible for  the  quality  of  different  varnishes  even  though  composed  of  the  same  raw  material. 

A  practical  test  for  the  phyncBl  qualities  of  varnish  may  be  easily  made.  The  color  and  flowing  qualities  may 
be  noted  from  the  sample.  A  coat  of  the  varmsh  should  then  be  applied  to  a  dull  black  wood  or  metal  panel,  and 
the  time  noted  that  is  required  for  it  to  dry  hard.  After  two  or  three  days  it  should  be  tested  with  steel  wool  or 
pumice  stone  for  its  rubbing  qualities.  After  this  coat  is  thoroughly  dry  a  second  coat  of  varnish  should  be  applied 
and  the  luster  noted.  The  wood  or  metal  panel  should  then  be  placed  in  running  water  over  night  and  later  exposed 
to  a  stream  of  hot  water,  noting  the  effects.  For  elasticity,  a  sheet  of  glass  should  be  coated  and  let  dry  for  5  dajrs. 
The  film  may  then  be  removed  from  the  glass  and  its  elasticity  noted. 

216.  Standard  Definitions  of  Terms  Relating  to  Paint  Specifications. — ^This  is  the  title  of  a 
series  of  definitions  adopted  by  the  American  Society  for  Testing  Materials  and  issued  under 
the  Serial  Designation  D-16-15.    Architects  and  other  q)ecifieny  and  all  users  of  paint  and 
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allied  products,  should  familiarize  themselves  with  the  terms  and  definitions  in  this  document, 
which  relate  to  various  materials,  processes,  and  methods  of  application.  This  together  with 
all  other  documents  of  the  American  Society  for  Testing  Materials  is  distributed  to  members, 
and  may  be  obtained  by  others  for  a  nominal  sum  from  the  Secretary  at  the  Engineers'  Club, 
1319  Spruce  St.,  Philadelphia. 

The  Paint  Manufacturere  Aasociation  of  the  U.  S.  in  1916  also  adopted  definitions  and  nomenclature  to  replace 
manufacturers  titles  or  trade  names  in  common  use.  These  are  consistent  with  the  above  mentioned  standard 
definitions  and  are  contained  in  Circ.  No.  42  obtainable  from  the  Secretary  at  the  Bourse  Building,  Philadelphia. 

216.  Standard  Formulas,  Specifications,  and  Tests. — The  U.  S.  Navy  Department,  as  one 
of  the  largest  consumers  of  paint  and  varnish  in  the  country,  has  for  many  years  conducted 
researches  and  investigations  in  connection  with  materials  used  by  all  the  technical  bureaus  of 
the  Navy  Department.  This  work  is  done  either  individually  or  in  cooperation  and  at  the 
various  Navy  Yards.  The  results  are  not  usually  made  public  but  the  conclusions  drawn 
therefrom  are  utilized  in  the  frequent  revisions  of  the  "Navy  Department  Specifications" 
which  are  issued  through  the  Bureau  of  Supplies  and  Accounts,  Washington,  D.  C.  This 
bureau  publishes  an  "Index  to  Specifications  issued  by  the  Navy  Department  for  Navy  Stores 
and  Material"  in  which  under  classification  52  is  listed  the  various  standards  and  specifications 
for  paints,  alcohol,  cements,  and  enamels  (Navy  Formulas),  paint  oils,  pigments,  pitch,  rosin, 
tar,  turpentine,  and  varnishes. 

The  U.  S.  Army,  which  during  the  war  developed  enormous  requirements  for  paint  and  varnish,  has  since 
issued  Catalogue  No.  4,  entitled  "Paints  and  Varnishes,"  dated  January  1919,  which  may  be  obtained  from  the 
Standardisation  Section,  Purchase  Branch  of  the  Purchase,  Storage  and  Traffic  Division,  Washington,  D.  C. 

The  American  Society  for  Testing  Materials  has  adopted  and  issued  the  following:  Standard  Specifications 
for  Purity  of  Raw  Linseed  Oil  from  North  American  Seed,  A.S.T.M.  serial  designation  Dl-15:  Standard  Specifi- 
cations for  Purity  of  Boiled  Linseed  Oil  from  North  American  Seed,  A.S.T.M.  serial  designation  Dll-15; 
Standard  Specifications  for  Purity  of  Raw  Tung  Oil,  A.S.T.M.  serial  designation  D12-16;  Standard  Specifi- 
cations for  Turpentine,  A.S.T.M.  serial  designation  D13-15;  Standard  Specifications  for  Paint  Thinners  other 
than  Turpentine,  A.S.T.M.  serial  designation  D34-17;  Standard  Methods  for  Sampling  and  Analysis  of 
Creosote  Oil,  A.S.T.M.  serial  designation  3S-17;  Tentative  Tests  for  Analsrsis  of  Creosote  Oil,  A.S.T.M. 
serial  designation  D3S-17T  (to  be  added  when  adopted,  to  the  Standard  Methods  for  Sampling  and  Analysis 
of  Creosote  Oil). 

217.  Whitewash. — The  Bureau  of  Lighthouses,  Department  of  Commerce,  Washington, 
D.  C,  issues  a  document  which  describes  what  is  generally  known  as  Government  Formulas 
for  Whitewash.     A  verbatim  transcript  ia  as  follows: 

The  following  formula  for  whitewashing  has  been  found  by  experience  to  answer  on  wood,  brick,  and  stone, 
nearly  as  well  as  oil  paint,  and  is  much  cheaper:  Slake  half  a  bushel  of  unslaked  lime  with  boiling  water,  keeping 
it  covered  during  the  process.  Strain  it  and  add  a  peck  of  salt,  dissolved  in  warm  water;  3  lb.  of  ground  rice  put  in 
boiling  water  and  boiled  to  a  thin  paste;  half  a  pound  of  powdered  Spanish  whiting,  and  a  pound  of  clear  glue 
dissolved  in  warm  water;  mix  these  well  together  and  let  the  mixture  stand  for  several  days.  Keep  the  wash  thus 
prepared  in  a  kettle  or  portable  furnace,  and  when  used  put  it  on  as  hot  as  possible,  with  painters  or  whitewash 
brushes. 

The  following  simpler  formula  for  mixing  whitewash,  when  properly  made  and  put  on,  gives  a  white  that  does 
not  easily  wash  or  rub  ofiF,  vis.:  To  10  parts  of  best  freshly  slaked  lime  add  one  part  of  beet  hydraulic  cement;  mix 
well  with  salt  water  and  apply  quite  thin. 

In  Farmers'  Bulletin  No.  474  entitled  "The  Use  of  Paint  on  the  Farm"  obtainable  from 
the  Superintendent  of  Documents,  Washington,  D.  C,  will  be  found  this  and  other  formulas 
for  whitewash  including  those  to  which  color  is  added  for  tinting  purposes. 

BUILDING  AND  SHEATHING  PAPERS,  FELTS,  QUILTS,  MINERAL  WOOL 

By  D.  Knickerbacker  Boyd 

218.  Uses. — It  is  desirable  in  Certain  forms  of  construction  and  in  special  locations  to 
provide  against  the  intrusion  of  dampness  or  cold,  or  to  make  the  building  more  soundproof, 
by  coverings  or  insulating  materials  known  as  building  or  sheathing  papers,  or  felts,  formed  of 
a  variety  of  materials^  each  being  suited  to  a  particular  purpose  or  n^d. 
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The  most  frequent  use  for  such  material  is  on  the  outside  of  frame  walls  and  under  the 
roofing  of  a  building.  The  material  used  with  side  walls  need  not  be  waterproof,  but  it  should 
make  the  walls  air-tight  and  vermin  proof  as  well  as  give  a  certain  amount  of  protection  against 
heat  and  cold.  This  requirement  calls  for  only  the  cheapest  product,  although  more  expensive 
kinds  are  made  which  possess  waterproof  qualities  in  addition  to  others  and  can  be  secured  with 
but  little  more  expense.  For  roofing  paper  under  slate,  metal,  wood  or  other  tyi)es  of  shingles, 
waterproofing  qualities  are  essential.  The  type  chosen  depends  upon  local  custom  and  the 
kind  of  roofing  under  which  it  is  to  be  used. 

Each  of  the  above  kinds  of  sheathing  should  be  api>lied  horisontally  with  a  generous  lap,  and  well  nailed.  If 
a  heavy  felt  or  quilt  sheathing  be  placed  on  the  side  walls,  lath  should  be  nailed  over  it  so  as  to  provide  a  projMr 
nailing  ground  for  the  plasterers'  lath,  for  stucco,  shingles,  clapboards,  or  whatever  the  final  covering  may  be. 

Deadening  felts  or  papers  are  mostly  used  under  the  flooring  or  in  partitions  to  stop  sound.  Under  flooring 
they  are  also  an  additional  protection  against  vermin  and  form  a  more  resilient  bed  for  the  finished  floor,  thus 
increasing  its  life. 

219.  Building  Papers. — The  most  common  covering  or  insulating  materials  are  known  as 
''building  papers."  They  are  merely  rosin  sized  paper,  put  up  in  rolls  usually  36  in.  wide, 
carrying  500  sq.  ft.  to  the  roll  and  weighing  from  18  to  40  lb.  They  are  not  waterproof,  and  are 
used  only  in  the  most  inexpensive  work,  such  as  wall  sheathing  or  between  floors  where  they 
tend  to  keep  out  dust  and  wind,  and  are  also  some  protection  against  heat  and  cold.  They  are 
also  often  used  for  temporary  covering,  and  protection  of  floors  or  finished  work  during  the 
erection  of  buildings. 

220.  Sheathing  Papers. — Sheathing  papers  are  of  various  kinds.  The  most  common  are 
made  of  heavy  paper  or  rope  stock  saturated  with  a  coal  tar  product.  They  are  waterproof  as 
well  as  affording  protection  against  heat  and  cold  and  have  all  the  other  qualities  of  other 
building  papers.  There  is  some  objection  to  them  on  account  of  their  odor,  but  it  is  claimed 
that  this  makes  them  the  more  vermin  proof  and  that  the  odor  disappears  after  a  short  time. 


Parchment  papers  are  also  used.  These  are  odorless  and  have  a  smooth  surface,  are  semi-transparent,  and  are 
water,  air,  and  vermin  proof. 

Another  form  of  sheathing  paper  is  made  of  asbestos  and  is  quite  desirable  on  account  of  its  fireproof  qualities, 
as  well  as  being  vermin  proof  and  odorless.  Such  papers  vary  in  weight  and  thickness  from  very  thin  papers  weigh- 
ing only  4  lb.  to  the  100  sq.  ft.,  and  ^  in.  in  thickness.  The  Hsi  H%  ftnd  H'U^*  thicknesses  are  used  on^  where 
fireproofing  is  specially  required,  as  around  flues,  chimneys,  heat  pipes,  etc. 

Sheathing  papers  are  used  in  general  for  the  better  class  of  building  as  a  protection  on  frame  walls  and  are 
always  used  under  slate,  shingle,  or  metal  roofing.  While  the  other  forms  of  protection  which  will  be  described  are 
in  general  for  the  same  purpose,  each  kind  is  particularly  designed  for  a  special  form  of  protection. 

221.  Felt  Papers. — Ordinary  felt  papers  are  mostly  used  for  lining  floors  to  render  them 
more  soundproof.  Some  few  are  made  fireproof  by  means  of  chemicals,  and  in  some  cases  an 
asphalt  center  is  put  in  to  make  them  waterproof.  Felt  papers  are  especially  valuable  as  a 
deadening  material.  They  are  usually  quite  thick,  and  the  better  qualities  are  soft  and  pliable 
so  as  to  form  a  cushion  which  aids  in  the  interruption  and  breaking  of  sound  waves. 

Saturated  felts  are  also  used  as  a  roof  sheathing.  They  are  made  by  saturating  ordinary  felt  with  a  coal  tar 
product.  A  dry  saturated  tarred  felt  is  also  made  by  running  the  material  through  heavy  rollers  or  cylinders 
to  give  a  hard  smooth  surface.  This  is  mostly  used  as  a  slater's  felt  as  it  can  be  easily  handled  and  the  surface 
enables  the  roofer  to  lay  out  his  slate  courses  on  the  paper  with  chalk  lines. 

Asbestos  building  felts  are  mostly  used  where  fireproofing  qualities  are  specially  desired,  but  also  offer  protection 
against  vermin,  and  have  sound-deadening  qualities. 

222.  Insulators  and  Quilts. — Nimierous  special  types  of  insulating  quilts  combine  all  of 
the  qualities  of  fireproofing  and  deadening  as  well  as  being  vermin  and  air  proof.  One  of  the 
best  known  is  made  of  thick  layers  of  eel  grass  compressed  in  such  a  manner  as  to  make  a  cush- 
ion full  of  air  spaces,  lined  on  either  side  with  asbestos.  The  grass  possesses  certain  qualities 
which  makes  it  particularly  repellant  toward  rats  and  vermin. 

Another  form  of  such  insulator  is  made  of  thoroughly  cleaned  cattle  hair,  chemically  treated,  and  stitched 
between  two  layers  of  asbestos.  Still  another  consists  of  mineral  wool,  compressed,  and  lined  with  asbestos.  A 
mineral  wool  insulator  can  also  be  secured  with  lining  of  building  paper.  A  heat  insulating  quilt  is  manufactured 
espedally  iix  use  in  keeping  out  cold,  ocnsisting  of  unbleached  linen  threads,  chemically  treated,  and  lined  with 
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waterproof  or  asbestos  paper  on  either  side  as  required.  Other  forms  of  sheathinc  are  made  ccwdstiiisof  aoaad 
deadening  materials  compressed  and  put  together  in  board  form,  but  these  are  somewhat  more  sizpenaire  than  the 
rolls. 

223.  Mineral  Wool. — Mineral  wool  is  one  form  of  insulation  of  walls  and  particulariy  of 
over-hardening  floors  which  is  often  used.  This  insulator  is  loose  fibrous  material  manufactured 
from  either  slag  or  asbestos  rock  and  resembling  wool  in  appearance.  It  is  sold  in  such  form  that 
it  can  be  securely  placed  in  the  spaces  provided. 

In  overhanging  floors,  the  most  common  method  is  to  put  a  false  floor  about  2  in.  above  the  bottom  oi  the  joists 
and  then  put  on  about  2  in.  of  mineral  wool,  compress  same  and  oover  with  2  in.  of  cement  or  lime  moctar  to  hold^it 
in  position.     Mineral  wool  is  especially  good  as  an  insulator  to  keep  out  heat,  as  in  the  walls  of  a  cold  room. 

It  should  be  mentioned  that  mineral  wool  if  improperly  packed  settles  and  disintegrates.  It  must  be  oarefully 
placed  in  position,  and  compressed  in  such  manner  as  to  be  held  in  place,  or  its  insulating  sound  proofing  qualitisB 
will  not  be  retained. 

BUILDING  bARDWARE 
By  D.  Knickerbacker  Boyd 

The  name  hardware  applies  to  such  an  innumerable  array  of  commodities  in  every  day  use 
that  to  distinguish  the  ''line''  manufactured  for  use  in  buldings,  the  term  huUding  hardware  is 
employed. 

This  designates  the  locks,  hinges,  pulls,  checks,  etc.,  for  doors;  the  lifts,  fasteners,  pulleys, 
chain  or  cord,  weights,  etc.,  for  windows;  the  catches,  turns,  drawer  pulls,  etc.,  for  dressers; 
and  the  various  articles  suitable  for  casements,  transoms,  and  other  openings  in  buildings. 
It  is  customary  in  trade  circles  and  among  architects  and  builders  to  make  a  distinction  between 
rough  hardware,  such  as  chain,  cord,  weights,  door  hangers,  outside  shutter  and  blind  hardware, 
wire  screens,  etc.,  and  finishing  hardware^  which,  as  the  name  implies,  includes  items,  such  as 
locks,  knobs,  bolts,  lifts,transom  openers,  etc.,  applied  to  finished  work. 

224.  Rough  Hardware. — Sash  cord  for  windows  m  made  of  several  different  materials  and 
sizes  and  the  same  is  true  of  sash  chain.  The  latter  can  be  obtained  in  steel  (plain  or  coppered), 
in  copper,  and  in  bronze.  Sash  weights  are  made  of  iron  or  lead.  Iron  weights  are  those  regu- 
larly furnished  and  are  either  round  or  square.  Lead  weights  are  used  only  where  sash,  when 
unglazed,  are  unusually  heavy  or  where  pulley  boxes  are  too  small  to  print  proper  size  iron  weights. 

For  shutters,  various  standard  lines  of  hinges  and  bolts  are  commonly  used,  the  type  varying  in  accordanoe 
with  the  mill  details  and  wall  construction. 

Door  hangers  cover  a  broad  line  of  manufacture  and  are  made  in  forms  suitable  for  all  styles  of  sliding  doors  for 
both  inside  and  outside  use.  Headroom  above  the  finished  opening  must  be  provided  for  the  type  of  track,  hangers, 
and  brackets  used. 

226.  Finishing  Hardware. 

226a.  Material. — Bronze,  brass,  bronze-metal,  and  iron  and  white  metal  are 
the  materials  most  commonly  used.  These  are  furnished  either  in  cast  or  wrought  metal. 
Cast  goods  are  the  heavier,  more  expensive,  and  in  most  cases  preferable. 

While  the  majority  of  finishing  hardware  items  are  made  both  cast  and  wrought,  there  are  certain  of  them  which 
it  is  impracticable  to  produce  by  both  methods.  For  instance,  most  of  the  parts  of  transom  adjusters  are  of  wrought 
material,  while  transom  centers  are  all  cast.     These  may  also  be  malleablised  when  cast  in  iron. 

Cast  goods  are  produced  by  pouring  molten  metal  into  molds,  while  nearly  all  wrought  goods  are  stamped  from 
metal  sheets  by  dies. 

2266.  Color  or  Finish. — In  bronze  and  brass,  the  regular  produce  has  a  highly 
polished  surface,  termed  a  '' finish ; ''  other  finishes  largely  used  when  a  high  polish  is  not  desired 
are  termed  dull  bronze  or  brushed  brass.  The  principal  finishes  arc:  oxidized  copper,  oxidized 
brass,  oxidized  silver,  statuary  bronze,  and  nickel  and  gold  plate — each  one  of  which  is  made  in 
light,  medium,  and  dark  shades  and  with  various  surface  effects  too  numerous  to  mention. 

In  specifying  finishing  hardware  it  is  necenary,  if  solid  metal  is  desired  or  required,  to  prefix  the  word  "solid" 
before  the  nictal  intended, — as  solid  brass,  solid  bronse,  or  other  solid  nonferrous  metal — except  in  the  case  of 
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bronse-metal,  which  b  an  aUoy.  Throuch  long  usace  and  trade  custom  the  mere  words  brass,  bronse,  etc.,  un- 
accompanied by  the  word  solid  are  taken  to  mean  the  finish  which  in  such  cases  is  plated  on  iron  or  steel  as  the  case 
may  be. 

On  iron  and  steel  goods,  the  finishes  commonly  applied  are:  Japanned,  lacquered,  bronse,  brass  or -nickel  plate* 
oxidised  copper,  and  white  metal.    The  last  is  alwasrs  furnished  polished  and  has  the  appearance  of  nickel. 

22(k.  General  Types. — The  war  with  Germany  and  the  necessity  for  the  con- 
servation of  every  kind  of  metal  emphasized  the  fact  that  fewer  types  of  hardware  should  be 
made  or  carried  in  stock,  that  plainer  patterns  were  desirable,  and  that  the  numerous  finishes 
applied  could  be  greatly  reduced  in  number  to  the  advantage  of  all  concerned.  Standards  for 
simple  types  and  a  limited  selection  were  developed  by  the  U.  S.  War  Industries  Board;  and  one 
of  the  very  sensible  results  has  been  the  preparation  by  the  Supervising  Architect's  OflBce  of  the 
Treasury  Department  of  a  specification  illustrated  by  typical  details  to  which  any  manufacturer 
may  conform. 

226d.  Details  to  which  Standard  Hardware  Can  be  Applied. — ^In  1917  several 
large  hardware  manufacturing  concerns  associated  themselves  in  the  issuance  of  a  book  with 
the  title  given  to  this  paragrah.  This  should  be  used  by  all  those  making  details  for  woodwork 
as  **  the  information  given  covers  the  minimum  requirements  for  hardware  for  the  various  types 
of  doors  and  windows  that  have  become  standard  in  the  class  of  work  in  which  they  are  used. 
It  is  not  intended  to  suggest  any  architectural  or  constructional  design,  the  sole  purpose  being 
to  fix  required  dimensions.''     Some  of  these  details  are  also  used  to  illustrate  this  section. 

226.  Locks. — ^Locks  are  made  either  rim  or  mortise.     Rim  locks  are  attached  to  the  surface. 
Mortise  locks  are  set  in  the  door.     Both  types  are  subdivided  into  two  groups — hit  keyed  locks 
and  cylinder  locks.     Bit  keyed  locks,  which  are  operated  by  keys  with  lobes  on  long  shanks, 
may  be  1,  2,  3,  or  5  timibler — ^the  greater  the  number  of  timiblers,  the  wider  the 
variety  of  key  changes.     Cylinder  locks  which  are  operated  by  flat  keys  with  a 
serrated  edge  are  all  furnished  with  practically  similar  key  mechanism,  which     j^ 
permits  the  use  of  a  single  key  for  the  operation  of  a  front  door  lock,  a  rear  door    y 
night  latch,  a  desk  lock,  a  trunk  lock,  or  a  padlock,  and  so  on  through  the  entire     ™ 
line.     No  two  cylinder  locks  are  made  with  same  change  key  unless  so  ordered. 

Many  locks  can  be  furnished  master  keyed — ^that  is,  a  given  lock  having  100        pxo.   TO. 

or  more  dififerent  changes  of  key  can  be  so  constructed  that  a  master  key  will  ^jJ^IJ  "***'" 
operate  all  of  the  locks,  no  two  of  which  are  controlled  by  the  same  change  key. 
In  the  best  grade  of  bit  keyed  locks,  as  used  on  hotels  or  office  buildings,  it  is  possible  to  furnish 
all  locks  on  a  floor  with  a  different  change  of  key,  a  separate  master  key  for  all  locks  on  the 
floor  and  a  grand  master  key  for  the  entire  building.  With  locks  of  the  cylinder  type,  this 
same  feature  is  capable  of  a  very  considerable  extension. 

Bim  and  mortise  locks  are  made  in  form  and  function  to  suit  all  types  and  kinds  of  doors. 
It  is  unnecessary  to  make  extended  mention  of  rim  locks,  aside  from  referring  to  night  latches 
and  cylinder  types,  as  their  use  is  largely  confined  to  interior  passage  doors  in  the  cheaper  class 
of  small  houses,  or  unimportant  doors  in  basements. 

Night  latches,  both  bit  keyed  and  cylinder  types,  are  made  reversible  or  suitable  for  doors 
swinging  in  to  right  or  left.  When  used  on  doors  swinging  out  they  must  be  made  rei^erse 
bevel.     Cases  of  locks  are  furnished  Japanned,  bronze  plated,  or  oxidized  copper. 

Mortise  locks  are  made  either  flat  or  rabetted  front.  If  rabetted,  the  regular  size  of  rabett 
is  K  io-y  small  locks  for  thin  French  windows  being  made  suitable  for  ^-in.  rabett.  If  other 
sizes  of  rabett  are  detailed,  the  lock  faces  will  have  to  be  especially  made  entailing  additional 
expense  and  possible  delays. 

The  distance  from  face  of  lock  to  center  of  knob  or  key  hole  is  called  the  backset.  The  backset  of  ordinary 
■ise  locks  varies  from  2>^  to  3  in.,  but  2^  in,  is  standard  (Fig.  79).  Locks  with  special  backsets  are  obtainable 
as  special  items,  when  French  windows,  and  frequently  passage  doors,  are  made  with  stiles  so  narrow  that  standard 
looks  cannot  be  used. 

Flat  faced  locks  are  usually  made  reversible.  Flat  faced  locks  with  beyelled  faces  and  all  rabetted  locks  are 
"handed"  for  either  right  or  left  doors  (see  Fig.  93,  p.  1025).  Faces  of  heavy  doors  must  be  bevelled  to  permit 
the  door  at  closing  point  to  swing  free  and  fit  snugly.  Look  faces  must  be  bevelled  to  fit  door.  Two  standard 
herds  exist,  but  that  most  frequently  used  is  H  i°«  i^  2  in. 
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The  grade  of  many  series  of  locks  depends  on  number  of  tumblers  and  character  of  springs.  The  number  ot 
dififering  change  keys  to  any  one  lock  is  determined  in  part  by  the  number  of  tumblers  and  to  the  precision  of  their 
mechanism.  Consequently!  all  three  tumbler  locks  do  not  permit  of  an  equal  number  of  change  keys.  la  fact, 
the  variation  is  very  great. 

The  spring  employed  in  lock  construction  may  be  of  the  simplest  flat  wire  varietsr — one  such  spring  oontroUiiig 
latch  and  knob  action — or  a  combination  of  fine  phosphor  bronse  springs,  one  set  controlling  latch  and  another 
set  the  knob  or  lever  handle.  It  is  customary  therefore  to  differentiate  between  a  common  spring  lock  as  first  in- 
dicated and  an  easy  spring  lock  as  last  mentioned.  An  auxiliary  spring  on  hub  of  lock  is  a  feature  added  to  easy 
spring  locks  when  lever  handles  instead  of  knobs  are  employed. 

With  aU  cylinder  locks,  the  cylinders  vary  in  length  to  suit  the  various  thicknesses  of  doors.     Mortise  cylinder 

locks  of  standard  tsrpe  cannot  be  used  on  doors  less  than  IH  in*  in  thickness,  though  thin  locks  are  especially  made. 

Inside  door  locks  or  passage  door  locks  vary  in  sise  and  quality  from  a  3-in.  1-tumbler  lock  to  a  6-in.  5-iumbler 

lock  in  bit  keyed  series,  and  through  a  wide  range  of  sise  and  function  in  cylinder  locks.    Locks  having  special  fun»* 

tions  are  made  for  oflioe  buildings,  etc.  In  addition,  locks  especially  adapted  for  closets, 
cupboards,  French  windows,  hinged  sash,  etc.,  are  procurable  in  a  variety  of  sises  to  suit  the 
working  conditions. 

Knob  locks  are  constructed  with  a  latch  operated  by  a  knob  and  a  bolt  operated  by  a 
key.  Communicating  locks  have  regular  latch  and  either  one  or  two  bolts  operated  by 
thumb  knobs.  Those  with  one  bolt  are  designed  for  use  on  doors  to  bath  rooms,  the  two 
bolt  lock  on  doors  between  rooms.  The  latest  tjrpe  includes  a  key  action  that  prevents 
operation  of  bolts  until  key  action  is  reversed. 

Hotel  locks  are  similar  to  knob  locks  but  are  made  with  two  bolts,  one  operated  on 
inside  only  by  key,  and  the  other  on  outside  only  by  key. 

Office  door  locks,  usually  of  cylinder  type,  consist  of  a  latch  only  that  is  so  oontroUed 
by  the  stops  in  face  of  lock  that  outside  knob   can  be  operative  or  inoperative.     In  the 
latter  case  entrance  is  obtained  by  key.     Exit  from  room  is  alwasrs  possible  as  inside  knob 
is  at  all  times  operative.     When  outside  knob  is  inoperative,  the  door  automatically  locks  on 
closing. 

Locks  for  institutional  use  are  functioned  to  accommodate  particular  needs  as  well  as  general  conditions. 
Front  door  locks  for  residence  work  are  in  effect  a  knob  lock  having  the  added  feature  of  stop  work  in  faoe  to 
control  outside  knob.     Key  on  outside  operates  both  latch  and  bolt.     On  the  inside  knob  is  always  operative  and 
bolt  controlled  by  a  thumb  knob. 

Store  door  locks  are  a  development  of  the  old  style  lifting  latches  and  mortise  locks.  The  latch  is  incorporated 
in  a  plate  and  pull  called  for  the  sake  of  brevity,  a  handle.  Two  handles  with  the  lock  constitute  a  set.  The 
locks  are  made  in  two  main  varieties,  one  with  a  latch  operated  by  thumb  piece  of  each  handle  and  a  bolt  operated 
by  a  key  from  either  side,  the  other  similar  with  the  added  feature  of  »top  in  face  controlling  outside  thumb  piece. 
Sliding  doors  are  provided  with  a  hook  or  split  bolt  operated  by  key  from  either  side,  and  provided  with  a  pull 
in  face  of  lock,  employed  in  pulling  out,  or  shutting,  the  door.  This  pull  remains  within  case  of  lock  except  wh«i 
forced  outward  by  a  stop.     The  face  is  made  in  flat  and  astragal  shape. 

Dead  locks  have  a  bolt  only  and  may  be  operated  from  one  side  only  or  both  sides  by  key. 
lar  to  a  dead  lock  but  bolt  is  operated  from  one  side  only  by  a  turn  knob. 

A  special  type  of  lock  and  knob  combination  is  manufactured  which 
has  the  key-way  and  tumblers  placed  in  the  knob  and  which  is  completely 
assembled  and  attached  to  the  door  as  a  unit. 

Knobt,  lever  handle*,  and  esctUcheon  plate*  for  locks  are  made  with  both 
plain  and  ornamental  surfaces — also  in  differing  sixes  and  shapes.  Kound 
knobs  for  interior  doors  are  usually  2}^  in.  in  diameter  and  for  exterior 
entrance  doors  2}4  in*  in  diameter.  For  special  purposes  they  are  also 
made  in  iHi  IKi  2  and  3-in.  diameters.  Knobs  are  coupled  by  means  of 
spindles  either  ^it  or  ^i  in.  square.  Knobs  and  lever  handles  are  attached 
to  spindles  by  several  methods. 

For  all  locks  having  a  stop  in  face,  a  split  or  swivel  spindle  is  provided  for  the  knob.  This  form  has  a  joint 
at  the  center  permitting  operation  of  knob  on  one  side  when  opposite  side  is  made  fast. 

Auxiliary  springs  are  frequently  used  in  connection  with  lever  handles  to  keep  them  in  a  normal  position. 
This  spring  may  be  incorporated  in  lock  or  attached  independently  of  lock.  Lever  handles  of  ornamental  design 
are  often  necessarily  "handed"  for  right  or  left  doors. 

An  escutcheon  may  be  cither  a  combined  rose  and  escutcheon  or  an  escutcheon  plate.  The  former  is  made 
of  sufficient  length  to  permit  attachment  screws  to  enter  wood  above  and  below  case  of  lock  and  serves  both  as  a 
rose  for  the  knob  and  key  plate  for  lock.  When  knobs  are  used  with  roses  only,  separate  plate  escutcheons  are 
provided  for  the  key  hole.  On  thin  wood  doors  IH  in-  or  less,  combined  rose  and  escutcheon  should  be  used 
as  the  mortise  for  lock  leaves  insufficient  wood  for  secure  attachment  of  key  plate. 

Glass  is  now  frequently  used  in  the  construction  of  knobs  and  lever  handles  and  furnished  in  many  different 
designs,  either  pressed  or  out. 

227.  Butts  or  Hinges. — ^These  articles,  the  names  of  which  are  constantly  used  interchange- 
ably, are  spoken  of  in  the  trade  by  pairs — ^thus:  one  butt  or  hinge  is  "  one-half  pair, "  three  are 
"^ne  and  one-half  pairs." 
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FiQ.  81. — Double  sliding  doors 
with  flat  astrayal  meeting  stilea. 
The  stile  as  shown  is  suitable  for 
lock  with  standard  backset. 
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The  article  itself  consists  of  two  "leaves"  which,  when  folded  open,  are  ordinarily  equal  in 
ridth  to  height  and  the  stock  sizes  refer  to  the  opened  hinge.  When  projecting  finish  requires 
learance  for  a  door  folded  back,  the  width  of  the  butt  must  be  increased.  Wherever  possible, 
his  should  be  accomplished  by  also  increasing  the  height  to  avoid  special  hinges. 

Hinges  or  butts  are  made  with  fast  or  loose  pin,  fast  or  loose  joint,  3  or  5  knuckles,  with 
r  without  washers  and  ball  bearings.  Loose  joint  and  loose  pin  butts  permit  taking  down  of 
oor  without  removal  of  hinges.  Loose  joint  butts  have  but  one  knuckle  or  bearing  point 
rhile  loose  pin  butts  have  two  or  more.  Consequently,  loose  joint  butts  are  seldom  used, 
^ast  pin  butts  are  employed  where  loose  pin  butts  are  impracticable,  as  in  the  case  of  transoms. 


A 


• 

• 
• 


Fio.  82. — Fast  pin  butt.     Fia.  83. — ^Loose  pin  butt. 


tJ 


Fio.  84.— Ball  bearing 
butt. 


FiQ.  85. — Spring  butt 
hinges. 


Bronse  door  butts  are  regularly  made  with  steel  bushings  at  all  joints  or  bearing  points,  but  can  be  had  with 
qpoaed  fiber  washers,  self-lubricating  washers,  or  ball  bearings  at  all  joints.  Sises  ordinarily  run  from  3  X  3  in. 
)  6  X  6  in.  but  larger  sises  are  produced.  These  butts  are  made  in  difiFerent  weights — light,  medium,  heavy,  and 
ctra  heavy — to  accommodate  differing  weights  and  uses  of  doors.  Sises  of  butts  are  determined  by  the  thickness 
r  door  and  clearance  required  for  trim  or  projecting  cape  of  wainscots,  etc.,  which  should  always  be  taken  into 
>nsideration  in  determining  sises. 

The  pins  of  the  butts  in  the  heavier  lines  are  so  constructed  as  to  prevent  their  working  out  of  normal  position 
ad  can  be  made  so  that  removal  is  impossible  except  in  one  definite  open  position.     This 
ktter  feature  is  of  value  on  entrance  doors  opening  out  where  hinges  are  exposed.     Sises 
nder  3  X  3  in.  are  also  furnished  loose  pin  and  fast  joint  but  do  not  have  washers  and 

re  made  in  different  weights.     Special  types  of  hinges  are  made  for  water  closet  doors,  p        og Automatic 

ouble  and  single  acting  doors.     W.  C.  hinges  are  made  both  for  single  acting  and  double        sash  adjuster, 
cting  doors.     Springs  in  hinge,  close  door  or  hold  open,  as  preferred. 

For  single  acting  or  double  acting  doors,  there  are  three  distinct  types  of  hinges.     One  consists  of  a  box  in 
oor,  containing  a  spring  and  also  acting  as  a  lower  pivot,  a  top  pivot  being  placed  in  overhead  jamb.     The  second 
rpe  involves  practically  the  same  idea  but  with  a  box  or  case  attached  to  door.     The  third  consists  of  a  pair  of 
>ring  hinges  attached  to  door  and  jamb.     The  first  type  is  called  a  floor  hinge  and  is  made  with  and  without  check- 
ing feature.     The  second  is  termed  surface  hinge  and  is  not  made  with  checking  device. 
The  third  is  known  as  jamb  hinge.     The  first  and  second  tsrpes  hold  door  open  when 
swung  beyond  an  angle  of  90  deg. 

Ball  bearing  pivots  of  varsring  sises  are  regularly  made  for  very  heavy  doors  that  are 
not  actively  used — as  bronse  entrance  doors. 

228.  Adjusters. — Adjusters  for  use  on  casement  windows,  consist  of  a 
pivoted  or  grooved  supporting  plate,  through  which  or  in  which  a  rod 
operates,  one  end  of  which  is  screwed  to  casement  rail,  the  supporting 
plate  being  attached  to  window  frame.     They   serve  to  hold   casement 

In  windows  open  at  any  desired  angle.  One,  working  on  the  friction  principle, 
i  is  known  as  an  automatic  adjuster  (Fig.  86).  Special  devices  are  made, 
m\  known  as  the  concealed  type,  which  involve  a  gear  case  in  frame  directly 
under  heel  of  window  and  connecting  with  window  by  a  pivot  bearing 
through  frame.  A  handle  attached  to  casing,  having  a  spindle  extending 
through  gear  case  completes  the  device.  A  similar  outfit  is  made  for  outside 
shutters,  the  gear  case  being  attached  to  sill  on  outside  just  under  line  of 
shutter  and  connected  with  shutter  by  a  curved  arm.  With  either  of  these 
adjusters,  operation  is  effected  without  the  necessity  of  opening  screens  or 
windows. 
Adjusters  for  use  on  transoms,  ^sometimes  termed  transom  lifters  (Fig.  87),  consist 
rdinarily  of  rods  moving  through  brackets — the  latter  screwed  to  casing — an  arm  from 
od  connecting  with  bracket  attached  to  transom  rail.  Transoms  can  be  hung  on  butts  at  top 
•r  bottom  or  on  pivots  on  side  or  at  top  and  bottom.  The  size  and  length  of  rod  varies  with  the 
leight  required.  The  standard  sizes  run  3^,  ^,  ^,  and  H-in*  diameter,  and  from  3  to  6  ft. 
tr  more  in  length.    The  material  is  wrought,  not  cast. 


io.  87. — Transom 
lifters. 
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A  concealed  operator  for  transoma  it  alao  made,  the  only  visible  p<ntion  being  the  operating  liandla.  TUi 
article  is  similar  in  mechanism  to  the  concealed  casement  and  shutter  operator  but  in  form  quite  different.  The 
device  consists  of  a  unit  plate  concealed  in  and  attached  to  casing  to  which  is  fastened  a  gear  case.  A  tootlied  rod 
passes  through  gear  case  and  connects  with  levers  that  are  fastened  to  a  pivot  bearing.  This  bearing  extends  from 
the  unit  plate  to  heel  of  transom.  The  gear  case  is  located  near  bottom  of  unit  plate  and  plate  is  niade<ol  muck 
length  as  to  bring  handle  which  enters  gear  case,  about  6  ft.  from  floor.  To  permit  xise  of  concealed  mdivaUn, 
work  must  be  detailed  in  accordance  with  requirements. 

Transom  centers  are  designed  for  sash  pivoted  at  sides  or  at  top  and  bottom.  When  vertically  pivoted,  ths 
lower  and  top  rail  of  sash  is  usually  rabetted  and  requires  a  center  to  fit  rabett  and  also  sash.  These  are  regnlarij 
made  suitable  for  yi-in.  rabett  and  in  varying  widths  to  suit  sash  from  IMto  2H  in>  in  thickness.  They  are  also 
made  with  corrugated  washers,  capable  of  a  friction  adjustment  and  serve  to  hold  sash  open  at  any  desired  an^ 

Chain  door  fasteners  permit  a  partial  opening  of  door,  but  door  must  be  completely  doeed  to  release  fastening. 
Therefore  it  cannot  be  tampered  with  from  outside. 

Door  stops  of  either  wood  or  metal  are  made  for  attachment  to  baseboard  and  also  to  floor.     When  attaehmeiit 
is  made  to  marble,  concrete,  etc.,  expansion  bolts  are  required.     All  are  equipped  with  rubber  bumpers,  and 
metal  stops  have  hooks  to  hold  door  open. 

Door  holders  are  attached  to  door,  operated  by  the  foot,  and  hold  door  at  any  point  of  its  swing. 

Door  checks  are  attached  to  door  or  to  a  bracket  screwed  to  overhead  jamb,  made  generally  in  six 
sises,  and  act  as  door  closers.     A  checking  device  is  incorporated  that  prevents  slamming  without  detracting 
from  power. 

229.  Window  Pulleys. — Window  pulleys  are  made  with  three  distinct  kinds  of  bearingHu 
The  least  expensive  consists  of  a  plain  axle  through  wheel  riveted  to  pulley  case,  and  termed 
noiseless. 

The  roller  bearing  or  anti-friction  style  is  made  with  a  series  of  round  steel  pins  encircling 
axle  and  in  which  axle  revolves.  Ball  bearings  as  the  name  implies  consist  of  a  ball  retainer 
and  hardened  steel  balls  set  in  both  sides  of  case  to  receive  axle.     Faces  of  pulleys  are  either 

square  or  round  end  and  are  made  either  of  finished  nonferroufl 
metal  or  Japanned,  galvanized,  or  plain  iron  for  painting. 
Wheels  are  made  1^,  2,  2^,  2>^,  and  3  in.  in  diameter  and 
are  either  cast  metal  or  stamped.  Pulleys  with  23^-in.  wheel 
are  recommended  size  for  average  good  work.     Wheels  for 

Fig.  88.— Cremorne  bolts.         ^^^  ^*^®  *  round  groove,  and  for  chain  a  square  groove. 

230.  Bolts. — Many  varieties  of  bolts  are  made  both  in  the 
rim  and  mortise  types. 

Extension  bolts  are  so  termed  on  account  of  having  detachable  bolt  head — the  latter  fast- 
ened to  rods  of  varying  lengths.  This  permits  the  use  of  a  top  and  bottom  bolt  of  similar  appear- 
ance but  of  differing  lengths.  Rod  for  top  bolt  should  be  of  sufficient  length  to  bring  handle 
of  bolt  about  5  ft.  from  floor.  This  particular  kind  of  bolt  may  be  operated  by  the  turning  of  a 
knob,  by  the  slide  of  a  knob,  or  by  operation  of  a  lever.  In  the  latter  case,  lever  is  set  flush  with 
surface  of  bolt  plate  and  can  therefore  be  used  on  edge  of  door  as  well  as  on  face.  It  is  the 
proper  type  for  use  on  folding  doors  or  in  any  case  where  it  is  desirable  or  necessary  to  avoid 
projection  beyond  surface  of  door. 

Cremorne  bolts  extend  full  length  of  door,  operated  by  a  handle  located  about  30  in.  from 
floor  and  fastens  door  both  at  top  and  bottom  (Fig.  88).  The  bolts  are  "handed"  for  right 
and  left  doors.  Doors  hinged  on  right  hand  side  as  seen  from  inside  require  R.  H.  bolts.  If 
hinged  on  left  hand  side,  aL.  H.  bolt.  Pairs  of  doors  with  flat  faces  require  bolts  on  each  door, 
but  if  doors  are  rabetted,  one  bolt  is  sufficient.  In  the  latter  case,  a  bolt  is  frequently  used  on 
each  door  for  uniformity  of  appearance.  If  one  cremorne  bolt  is  used,  the  opposite  half  should 
have  extension  bolts. 

Instead  of  being  rabetted,  double  doors  are  more  and  more  frequently  being  made  with  an  astragal  or  mold 
which,  secured  to  one  door  and  overlapping  the  other,  accomplishes  the  purpose  of  a  rabetti  namely,  to  avoid  an 
open  joint  and  yet  allows  the  faces  of  the  doors  to  accommodate  themselves  to  regular  or  standard  hardware. 

Espagnolette  bolts  are  designed  for  hinged  sash  occurring  singly  or  in  pairs.  They  fasten  at  top,  bottom,  and 
center  and  are  made  right  and  loft-hand. 

Special  types,  known  as  "  Panic  "  bolts,  are  manufactured  for  use  on  doors  leading  from  places  of  public  assem- 
blage and  are  so  designed  that  pressure  from  the  inside  will  liberate  the  mechanism. 

Chain  bolts,  foot  bolts,  neck  bolts,  barrel  bolts,  etc.,  are  too  well  known  for  more  than  casual  mention. 
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lifiscellaneous  Hardware. — Coat  and  hat  hooks,  towel  or  regalia  hooks,  wardrobe 
I  wire  hooks  are  made  in  many  sizes  and  shapes.  Push  plates  are  made  in  glass  as 
tal. 


Fxa.  80.  Fxa.  90.  Fia.  01. 

-Double  interior  doors  with  rabbetted  meeting  stiles  using  bit-keyed  lock  for  locks  with  standard 

les  should  not  be  lees  than  4>^  in.  on  narrow  side. 

-Double  narrow  stile  doors  with  flat  astragal  meeting  stiles  using  cylinder  lock  front  beveled  H  iD> 

liar  backset  2  in. ;  the  stiles  should  be  not  less  than  3  in.     Narrower  backsets  may  be  had  on  special 

idditional  price. 

-Double  narrow  stile  doors  with  flat  astragal  meeting  stiles  using  bit -keyed  lock  with  flat  front,  not 

*ftular  backset  IH  '^^'     I'be  stiles  should  be  not  less  than  3  in.;  other  backsets  may  be  had  on  special 

idditional  x>rice.    For  thicker  doors,  locks  with  beveled  fronts  may  be  had  on  special  order  at  an 

rice. 

3ard  turns,  screen  door  catches,  drawer  pulls,  drop  handles,  shutter  knobs,  sash  lifts, 
push  buttons,  letter-box  plates,  push  plates,  door  pulls  are  all  essentially  necessary 
ny  building  installation  too  numerous  and  gen- 
erstood  to  require  especial  mention. 

ardware  is  required  for  metal  construction,  it  is  necessary 
achine  screws  for  pmpoees  of  attachment  and  to  make  all 
iform  in  sise  and  location  of  screw  holes  to  an  exact  stand- 
ates  of  each  item  of  hardware  involved  should  be  sent  to 
r  manufacturer,  as  a  guide  in  mortising  and  drilling.  Fig.  92. — Espagnolette  bolt. 

'Hand"  and  Bevel  of  Doors. — The  "hand"  of  a  door  ie  always  determined  from  the 
The  "outside"  is  the  street  side  of  an  entrance  door,  and  the  corridor  side  of  a  room 
e  "outside"  of  a  communicating  door,  from  room  to  room,  is  the  side  from  which, 
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Fia.  93. 


loor  is  closed,  the  butts  are  not  visible.     The  "outside  "  of  a  pair  of  twin  doors  (Joors 
3th  sides  of  a  single  opening)  is  the  space  between  them. 

'outside"  of  a  closet  door  is  the  room  side,  thus  reversing  the  rule  which  applies  in 
s.    The  foregoing  definitions  apply  to  sUding  doors  as  well  as  to  hinged  doors. 
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If,  standing  outside  of  a  door,  the  butts  are  on  the  right,  it  is  a  right-hand  door;  if  on  the  left, 
it  is  a  left-hand  door.  This,  however,  does  not  apply  to  casement  sashes  and  outside  blinds 
or  shutters,  where  the  point  of  view  is  assumed  to  be  from  the  inside  instead  of  the  outside. 

A  door  is  bevelled  when  its  edse  is  not  at  right  angles  with  its  surface,  and  a  mortise  lock  for  such  a  door  requires 
a  bevelled  front.  This  bevel  is  expressed  by  stating  the  thickness  of  the  door  and  the  distance  which  one  edge 
drops  back  of  the  other.  Two  standards  exist  ior  bevels,  one  being  H  in>  in  2  in.,  and  the  other  being  H  in.  in 
2>4  in. — the  iormer,  as  before  stated,  being  the  one  most  generally  used. 

The  proper  bevel  of  a  door,  or  whether  ^y  is  needed,  is  determined  by  the  size  of  butt  and  the  thickness  and 
width  of  door.  The  result  may  be  accomplished  by  bevelling  the  edge  of  the  door,  or,  if  its  edge  is  left  square,  by 
leaving  sufficient  clearance  between  the  door  and  its  jamb.  If  the  door  is  of  fair  width,  and  if  the  butt  does  not 
need  to  be  very  wide  (to  clear  the  architrave  or  other  projections),  it  will  be  found  that  a  square  edge  may  be  used 
without  resort  to  an  unduly  open  joint,  thus  permitting  the  use  of  a  lock  with  regular  front.  The  use  of  beveled 
front  locks  should  be  avoided  where  no  real  need  tor  them  exists. 

If,  standing  outside,  the  door  opens  from  you  or  inward,  it  takes  a  lock  with  a  regular  bevel;  if  opening  outward, 
it  takes  a  lock  with  reverse  bevel. 

As  cupboard  and  bookcase  doors  always  open  out,  locks  for  such  doors  are  regularly  made  with  reverse  bevel 
bolts;  therefore,  as  to  such  locks,  it  is  unnecessary  to  spedfy  "reverse  bevel."  The  accompanying  diagrams 
(Fig.  93)  illustrate  clearly  the  above  descriptions,  the  abbreviations  being  R.  H. — ri«ht-hand;  L.H. — ^left-hand; 
Reg.  Bevel — regular  bevel;  and  R.B. — ^reverse  bevel 
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BSTIMATING  STBBL  BUILDINGS 

Bt  Abthub  £.  Alitis 

The  object  of  this  chapter  is  to  outline  the  considerations  which  go  to  make  up  actual  oosts. 
Where  unit  costs  appear,  they  can  be  used  intelligently  only  as  a  criterion  since  it  is  not  possible 
to  establish  even  approximate  prices  for  building  operations  in  this  day  of  radical  market 
changes. 

What  is  given  under  this  heading  applies  directly  to  the  estimating  of  simple  factory  build- 
ings having  a  structural  steel  frame  without  fireproof ing,  but  the  methods  described  and  consid- 
erations involved  pertain  to  high  office  and  other  buildings  of  structural  steel.  Much  may 
be  learned  from  this  chapter  as  regards  estimating  in  general.  Estimating  of  concrete  footings, 
concrete  floors,  etc.,  is  not  considered,  as  the  same  rules  apply  as  in  the  chapter  following. 
The  item  ''material"  in  estimates  usually  includes  all  expenses  incident  to  placing  build- 
ing materials  at  the  site.  Under  the  item  ''labor"  is  included  all  estimated  field  pajrroU 
expenditures.  When  carload  shipments  are  estimated,  "labor"  includes  unloading  expense. 
1.  General  Inspection  of  Building  Site. — The  consideration  of  the  building  site,  with 

respect  to  the  speedy  and  econom- 
ical handling  of  materials  from  cars 
to  their  respective  places  in  the 
finished  building,  is  a  most  im- 
portant one  in  the  mind  of  the 
experienced  building  estimator.  A 
large  percentage  of  the  jobs  show- 
ing a  loss  to  the  contractor  can  be 
attributed  to  the  lax  consideration 
of  the  site.  Two  items  are  to  be 
considered — railroad  delivery-  and 
material  storage  facilities.  With- 
out proper  consideration  of  both 
of  these  conditions,  the  cost  of  each 
and  every  operation  in  the  entire 
building  may  exceed  the  estimated 
allowance. 

Materials  are  often  bought  in  team 
lota  delivered  at  the  site  when  there  ia 
no  switch  track  located  on  the  building 
premises.  The  costs  of  materials  delivered 
by  team  by  local  dealers — particularly 
large  quantities  of  bulk  materials,  such  as 
cement,  sand,  stone,  brick,  steel,  and 
lumber — are  usually  compared  with  the 
cost  f.o.b.   cars,   plus  the  teaming  from 


Section  'A-A' 

Fia.  1. — Foundation  plan  (interior  piers  omitted). 


track  to  site.     These  costs  can  be  determined  locally  for  each  instance. 

SuflSdent  available  storage  space  to  take  care  of  the  usual  necessary  material  on  hand  at  the  building  site  meana 
a  great  deal  to  the  construction  superintendent.  The  difference  in  cost  between  a  job  run  under  these  conditions, 
and  a  job  where,  due  to  lack  of  room,  materials  are  in  the  way  of  operations,  has  frequently  eaten  up  the  estimated 
profit.  The  work  musv  run  along  smoothly  or  the  superintendent  will  be  unable  to  meet  the  estimate.-  The 
method  for  pricing  labor  operations  to  be  carried  on  under  crowded  conditions  is  usually  to  allow  for  the  increase  in 
the  unit  price  of  each  operation  rather  than  attempt  to  enter  a  lump  sum  item  in  the  estimate. 

It  is  usually  practical  while  at  the  site  to  investigate  the  local  wages  of  the  several  building  trades  and  also 
make  note  of  the  general  labor  situation.  Lot  levels,  if  omitted  on  drawings  by  designing  engineer,  should  be  ob- 
tained and  placed  on  drawings  by  the  estimator.  Present  incumbrances  on  site  should  be  noted,  also  such  details 
as  building  permits,  street  obstruction  permits,  water  permits,  etc. 

2.  Sample  of  Estimate  for  Foundation. — The  following  estimate  of  the  cost  of  a  building 
foundation  (with  the  exception  of  the  concrete  work  which  is  taken  up  in  the  section  following^ 
is  given  to  illustrate  the  general  form  for  listing,  pricing,  and  extending  the  various  units : 
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Form  of  Qbnbral  Estimate 


Quantity 


Price 


A 
extension 


B 
totds 


General  oonditiona: 

Railroad  track  adjacent  to  building. 

B.  A  O.  delivery. 

Adequate  space  for  storing  materials. 

Water  furnished  by  owner. 

Nature  of  soil — sand,  water  present  5  ft.  below  ground  level. 

Cinders  for  filling  can  be  procured  for  a  switching  charge  of 

60c.  per  cu.  yd. 
Owner  takes  out  all  permits  except  street  obstruction  permits. 
Site  is  clear. 

Dry  excavation — ^Foundation  wails: 


North: 

North: 

South: 

South: 

East: 

East: 

West: 

West: 

AU  walls: 


1  waU    174*  X  3l  X  4* 2.262 

1  footg  174*  X  2A  X  1* 892 

1  waU  200*  X  3^  X  4* 2,600 

1  footg  200*  X  2l  X  1* 460 

1  wall  100*  X  3l  X  4* 1,300 

226 

767 

183 


1  footg  100*  X  2i  X  1* 
1  wall      69*  X  31  X  4*. 
1  footg 


69*  X  2i  X  1* 


19  pils.      3*  X  Oi  X  5* ■       214 

Labor  at  1.10  8,343 

Dry  excavation — Boiler  pit: 

1  pc.  45*  X  30*  X  6* 6,760 

Labor  at  1.00 

Wet  excavation — Boiler  pit: 

1  pc.  46*  X  30*  X  4*   6,400 


BackfiU: 
N.  waU: 
8.  wall: 
E.  wall: 
W.  wall: 
Pit: 
Pit: 


2  pes.  174*  X  1*  X  4* 1.392 

2  pes.  200*  X  1*  X  4* 1.600 

2  pes.  100*  X  1*  X  4* ROO 

2  pes.    69*  X  1*  X  4* 472 

2  pes.    30*  X  2*  X  9* 1.080 

2  pes.    45*X2*X9* 1,620 


6.964 
Floor  fill  require*  1: 

1  pc.  197*  X  97i  X  1* 19,266 

OuU: 

19  pils.  2*  X  0^  X  1* 29 

1  pit.  24i  X  39l  X  1* 984 1,013 


18,243 


Surplus  excavation — Spreading  and  tamping: 
Dry  excavation  (walls) ....     8,343 

Dry  excavation  (pit) 6,750 

Wet  excavation  (pit) 5,400 


Less  backfill. 


20,493 
6.964 18,629 


4.714 
Shoring  to  boiler  pit: 

600  pUes  2X6X7 4,200 

10%  waste 420 


4,620 


Material  7  ft.  at  6ct  -  0 .42 
Labor  -  0  18 

0.60 
Pumping  and  bailing: 

Setting  pump. 

Set  and  connect  65  well  points. 


309  cu.  yd. 


260  cu.  yd. 

200  ou.  yd. 
258  cu.  yd. 


176  cu.  yd. 


601  cu.  yd. 


600  pes. 


AUow 
65  pes. 


$1.10 


340- 


1.00 

2.00 
.60 


2.00 


.60 


.60 


.60 


260- 

400- 
129- 


360- 


261  - 


360- 


60 

28 


2,168 
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The  estimator  should  bear  in  mind  that  the  proposal  tendered  the  prospective  customer 
is  based  on  the  estimate,  and  when  the  obligations  of  either  the  owner  or  the  contractor  are  in 
doubt,  the  contractor's  assumption  should  be  noted  on  the  estimate  so  that  it  can  later  appear 
in  the  proposal.  This  is  especially  important  in  connection  with  miscellaneous  items,  audi  as 
water,  permits,  clearing  site,  etc. 

In  listing  quantities  no  attempt  is  made  for  extreme  refinement.  Full  length  of  wall  for  exoavatioa  on  each 
aide  of  the  building  is  listed.  Although  the  corners  overlap,  this  is  good  practice  for  this  class  of  work  and  goes  to 
offset  the  irregularities  incident  to  construction.  Note  that  on  account  of  the  difference  in  unit  costs  for  dry  and 
wet  excavation  for  boiler  pit,  this  item  has  been  separated  into  two  parts.  Extensions  are  figured  to  the  nearest 
dollar.  Columns  A  and  B  provide  a  means  for  grouping  the  operations  of  the  different  trades  in  the  event  that  it 
is  desirable  to  have  these  costs  convenient  for  reference. 

As  the  costs  of  transporting,  unloading,  and  reloading  eqiupment  are  the  same  for  large  or  small  quantities 
of  work,  and  it  is  alwasrs  desirable  to  keep  unit  costs  on  a  comparative  basis,  all  equipment  is  grouped  on  a  Tool  List 
and  entered  later  in  the  estimate.     The  costs  for  handling  equipment  is  then  approximated  direct  from  this  list. 

The  take-off  should  also  be  made  up  so  that  every  item  may  be  readily  identified  (note  column  at  left  edge  of 
sample  estimate).  A  large  percentage  of  designs  are  changed  and  require  re-estimating;  for  this  reason  much  time 
and  inconvenience  may  be  minimised. 

3.  Clearing  Site. — It  is  well  to  have  this  item  appear  in  the  estimate  even  though  no  expense 
need  be  estimated.  A  detailed  discussion  of  the  estimating  for  expense  of  clearing  site  is  hardly 
practiceable  due  to  the  great  variance  of  obstructions  encountered. 

4.  Bzcavajdon. — The  unit  cost  of  excavating  is  governed  by  the  kind  of  soil  and  the  amount 
of  water  present.  Using  as  a  basis  the  cost  of  handling  a  firm,  dry  soil,  the  unit  price  may  have  to 
be  increased:  (1)  for  handling  wet  excavation,  (2)  when  excavating  through  a  re-fill  of  mis- 
cellaneous building  debris  that  cannot  be  spaded,  (3)  when  depth  of  excavating  requires  relays 
from  platforms,  usually  about  6  ft.  apart,  and  (4)  when  sand  or  other  material  with  little  or  no 
self-retaining  properties  is  present. 

Different  kinds  of  excavating  should  be  listed  separately  to  allow  for  the  convenient  use  of  varying  unit 
prices.  These  excavating  conditions  having  been  established  by  the  general  inspection,  the  unit  price  must  be 
fairly  accurate.  Similarly,  when  estimating  caissons  for  heavy  buildings,  general  inspection  should  determine 
whether  ordinary  well  or  pneumatic  methods  are  to  be  estimated. 

The  steam  shovel  is  usually  estimated  for  making  large  cuts  who'e  surplus  excavation  must  be  hauled  away. 
The  excavating  and  loading  is  then  accomplished  by  one  operation. 

6.  Shoring. — Aside  from  the  increased  costs  of  excavating  operations,  it  is  often  necessary 
to  provide  temporary  support  for  earth  walls.  The  costs  of  wood  shoring  are  developed  simi- 
lar to  costs  of  shores  or  forms  for  concrete  work,  and  reference  should  be  made  to  the  next  chapter 
for  details.  The  salvage  is  usually  very  small  and,  unless  a  second  use  for  the  lumber  is  predeter- 
mined, the  total  cost  of  the  material  is  usually  charged. 

6.  Pumping  and  Balling. — Pumping  and  bailing  are  generally  figured  separately  for  each 
pit,  basement,  or  other  unit.  The  approximate  amount  of  water  to  be  encountered,  the  native 
of  the  soil  and  work  to  be  carried  on,  serve  to  determine  the  most  practical  kind  of  equipment 
The  estimator  can  readily  develop  an  accurate  allowance  for  the  material  by  keeping  in  mind 
the  equipment  he  has  available.  The  material  unit  usually  consists  of  fuel  unless  the  necessary 
pumps  are  not  at  hand,  in  which  case  rental  will  greatly  increase  the  amount  to  be  estimated. 
The  labor  unit  would  include  the  setting  and  maintenance  of  pumps. 

7.  BackfilL — Backfill  includes  the  cost  for  refilling  the  oversize  excavation  made  to  allow 
for  concrete  forms,  etc.  The  quantities  can  be  listed  from  the  drawings.  The  estimated  cost 
per  cubic  yard  usually  runs  about  50  %  less  than  the  excavating  unit,  as  the  ground  is  well  broken 
up  and  invariably  the  original  material  excavated  is  close  at  hand. 

8.  Disposal  of  Surplus  Excavation. — The  construction  of  the  substructure  will  generally 
net  a  yardage  of  surplus  excavation,  the  disposition  of  which  depends  upon  the  level  of  the 
floor  area.  Ground  levels  are  taken  by  dividing  the  entire  surface  into  squares  and  reading  the 
rod  at  the  comer  of  every  square.  These  levels  will  then  determine  whether  it  is  necessary 
to  estimate  either  the  grading  or  the  filling  of  the  lot.  Should  the  site  be  low,  the  surplus  exca- 
vation is  usually  estimated  to  be  spread  in  addition  to  such  fill  as  must  be  procured  elsewhere. 
The  source  and  cost  of  this  additional  fill  must  be  the  result  of  investigation  of  k)cal  conditions 
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Should  the  lot  levels  prove  to  be  high,  the  disposition  of  surplus  excavation  must  be  considered 
in  the  estimate. 

9.  Structural  SteeL — Structural  steel  costs  are  frequently  listed  in  the  General  Contract 
estimate  in  summarized  form  under  the  headings — Material  and  Erection.  Material  includes 
estimated  expense  incident  to  manufacture  and  delivery  at  the  job  site.  Erection  includes 
expense  estimated  to  imload,  erect,  and  paint  structural  steel,  as  well  as  all  erecting  equipment 
costs. 

Structural  steel  costs  are  based  on  weight.  The  following  practice  to  be  used  for  the  in- 
voicing of  bridges,  buildings,  and  other  structures,  has  been  adopted  by  the  Structural  Steel 
Society  as  representing  standard  practice  to  be  followed  in  all  cases  where  other  provisions  are 
not  made  in  the  contract  or  specifications.  These  items  have  a  direct  bearing  on  the  price 
and  should  therefore  be  of  assistance  to  the  estimator. 

WeighU. — Structural  steel  sold  at  a  unit  price  per  pound,  hundred  weight,  or  ton,  shall  be  invoiced  on  esti- 
mated,  theoretical  weights,  based  on  the  detail  drawings  and  shop  bills,  using 

(a)  Rectangular  dimensions  for  all  plates. 

(h)  Overall  lengths  for  all  structural  shapes,  and  making  no  allowance  for  the  weight  of  copings*  dippings, 
millings,  punchings  or  borings. 

(herrun. — To  the  theoretical  weight  of  all  sheared  plates,  there  shall  be  added  an  allowance  for  overrun  in 
weight,  calculated  from,  and  equivalent  to,  the  percentage  of  overrun  provided  for  in  the  Manufacturers'  Standard 
Specifications  for  structural  steel  dated  April  21,  1914. 

Ri9«U. — All  shop  rivets  used  in  the  structure  shall  be  invoiced  at  the  following  average  weights. 

(a)  Rivets  H  in.  diameter —  20  lb.  per  100  rivets. 

(b)  Rivets  H  in.  diameter —  80  lb.  per  100  rivets. 

(c)  Rivets  H  in.  diameter —  50  lb.  per  100  rivets. 
((0  Rivets  H  in.  diameter — 100  lb.  per  100  rivets, 
(e)  Rivets    1  in.  diameter — 125  lb.  per  100  rivets. 
(/)  Field  rivets  to  be  invoiced  at  actual  weights. 

Paint. — To  the  total  weight  of  the  structural  steel,  as  determined  by  the  above  methods,  there  shall  be  added 
an  allowance  for  the  weight  of  the  paint,  of  8  lb.  per  ton  of  structural  steel,  for  each  coat. 

Field  Riveta  and  BolU. — In  furnishing  a  bill  for  structural  steel  for  any  structure,  where  no  provision  to  the 
contrary  is  made,  the  fabricating  shop  will  furnish  the  following  rivets  or  bolts  for  field  purposes. 

(a)  If  the  ttrueture  riveta  in  the  field,  the  fabricating  shop  will  furnish  suflident  rivets  of  suitable  siss,  plus  10% 
allowance  for  waste,  for  all  fidd  connections,  sted  to  sted;  but  will  furnish  no  bolts,  except  for  such  connections  as 
it  will  not  be  possible  to  rivet. 

(h)  If  the  atnidure  holu  in  the  field,  the  fabricating  shop  will  furnish  sufiident  bdts,  of  suitable  dse,  plus  6  % 
allowance  for  waste,  for  all  fidd  connections,  sted  to  sted,  but  will  furnish  no  rivets. 

(e)  No  mieeellaneoue  atrpentry  or  masonry  bdts  will  be  furnished  by  the  fabricating  shop  in  any  case,  unless  by 
special  provision,  for  connecting  in  the  field,  wood  to  sted,  wood  to  wood,  or  wood  to  stone,  etc. 

(</)  Erection,  or  fitting  up  holte,  for  the  use  of  the  sted  erector,  are  considered  as  bdng  erection  equipment  and 
will  not  be  furnished  by  the  fabricating  shop,  unless  by  special  provision. 

The  first  step  in  estimating  structural  material  is  to  carefully  examine  drawings  and  if  odd> 
unobtainable  sections  appear  in  any  of  the  members,  a  redesign  is  made,  using  stock  on  hand. 
In  the  designing  of  structural  steel,  sections  can  frequently  be  slightly  changed  to  conform  to 
material  in  stock  without  incurring  any  disadvantage.  This  redesigning  is  seldom  necessary 
when  estimating  mill  deliveries. 

The  sequence  of  listing  members  in  the  take-off  is  about  the  same  as  that  for  erection. 
The  main  units  arc  always  listed  first. 

An  approximation  must  be  made  of  the  weights  of  many  of  the  details,  as  in  general  prac- 
tice these  may  not  appear  on  the  design  drawings.  This  part  of  the  estimating  must  necessarily 
be  done  by  one  familiar  with  structural  fabrication.  When  minor  members  appear  in 
quantity,  the  exact  dimensions  are  usually  developed. 

The  majority  of  shops  do  not  have  their  own  foundries  for  furnishing  castings  but  as 
cast  iron  is  used  extensively  in  many  standard  shapes  in  conjunction  with  structural  steel, 
it  can  be  conveniently  and  economically  purchased  with  the  steel.  The  most  commonly 
used  castings  are  generally  kept  in  stock. 

Starting  with  colunms  of  which  there  may  be  several  of  similar  design  and  construction — 
except  for  minor  details,  such  as  punching,  small  connecting  angles,  etc. — the  materials  are 
listed  first  for  one  column  and  the  weights  multiplied  by  the  total  number  of  duplicate  columns. 
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If  two  or  more  types  of  columns  appear  in  the  design,  there  will  be  as  many  detail  lists  of  material. 
Each  list  is  multiplied  by  the  total  number  of  columns  of  that  type. 

As  the  main  sections  of  columns  or  other  members  contribute  most  of  the  estimated  weight, 
the  lengths  of  main  members  should  be  figured  with  some  degree  of  accuracy. 

The  percentages  used  for  estimating  the  weights  of  details  on  members  of  common  con- 
struction are  approximately  as  follows: 


Rivets 


DeUils 


Beams 

Roof  trusses 

Girders 

Latticed  columns 
Plate  columns . . . 
Girts 


1% 

8% 
6% 
3% 
4% 
3% 


16  to  20% 
10% 

10  to  15% 
10% 
10% 


*  Beam  details  vary  considerably.     Weights  of  standard  connections  are  readily  obtainable. 

These  are  average  values  developed  by  prewar  conditions.  While  the  actual  percentages 
of  rivets  and  details  have  not  increased,  market  conditions  have  effected  the  methods  for 
estimating  values  so  that  frequently  a  general  approximation  of  4%  of  all  members  is  made  to 
determine  weight  of  rivets,  and  the  weight  of  details  is  taken  at  20%  of  all  main  members. 


Detail  Take-off 


No. 

of 

pea. 

Sise 

Length 

Weight 

per 
lin.  ft. 

I>.l8 

Ls 

Small 
Ls 

Plates 

Flats 

Rivets 

Totals 

4    ■ 

2 

2 

2 

2 

2 

2 

4 

2 

2 

20  Trusses  Tl 
U6     X3HXH6 
U  SHXZ     XH 
U2HX2     XK 
U  2     X2     XH 
U  2HX2HXK6 
U  2KX2KXK6 
U  2HX2HXH6 
Ls  3     X3     XH 
Ls  2     X2     XK 
U2HX2     XH 
Details  20% 
Rivets  3% 

40.9 
81.5 
2.0 
6.3 
8.7 
6.2 
8.9 
8.3 
7.6 
4.0 

8.7 
7.9 
3.7 
3  2 
5.0 
4.5 
5.0 
4.9 
3  2 
3.7 

1,425 
1,290 

165 

•  ••••• 

•  ■••■• 

15 
40 
85 
55 
90 

50 
30 

650 

115 

Weight      of      one 
truss 

2.880 

365 

650 

115 

4,010 

Weight       of       20 
trusses 

57,600 

7300 

13,000 



2,300 

80,200 

40 

80 

6 

6 

8 

12 

Floor  beams 
Is  10"'  at  25 1 
8td.  Conn.  10"  I 
Is  12''  at  31H  f 
Ls  8  X  3  X  >i 
Bars  6XH 
8td.  Conn.  12"  I 
Rivets  1  % 

16.0 

20.0 
19.5 
19.5 

•   •■>>• 

9.4 
10.2 

16,000 
3.780 

1,280 

1,100 

275 

1590 

240 

19,780 

2.655 



1590 

240 

24.265 

Totals 

19,780 

60.255 

7300 

13,000 

1590 

2,540 

104.465 
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The  tabulation  of  the  weight  extensions  as  practiced  in  the  above  take-off  is  made  necessary 
by  the  different  mill  costs  of  sections.  The  general  classification  of  common  sections  according 
to  price  per  hundredweight  is  as  follows: 

Shapes 

I-beams  and  channels 

Large  I-beams 

Angles 

Large  angles 

Tees 

Zees 

H-columns 

Light  section  beams 

Bars  and  Bar  Sises 

Rounds  and  squares 

Rounds  and  squares 

Flats 

Flats 

Small  angles 

Small  channels 

Tees 

Plates 

PUtes 
Plates 
Wide  plates 
Wide  plates 

In  addition  to  the  above  extras,  there  may  be  cutting  charges  which,  however,  are  a  direct 
fabricating  expense  and  are  included  in  the  estimate  of  shop  labor.  The  costs  noted  above 
represent  the  mill  prices  of  the  different  sections  and  from  a  fabricator's  standpoint  are  a  ma- 
terial cost. 

The  summarizing  of  the  material  listed  in  the  take-off  is  simply  the  extending  of  each 
class  at  the  unit  price.  The  difference  in  cost  between  mill  and  stock  deliveries  occurs  in  these 
prices.    The  margin  for  stock  delivery  is  generally  about  $15  per  ton. 

The  estimate,  after  adding  the  approximated  costs  of  manufacturing  and  transportation, 
will  have  the  following  general  form : 


Sise 

Price 

3  to  15"  inclusive 

Base 

Over  16" 

Plus  10c. 

8  to  6"  on  one  or  both  legs  by  yi"  thick  or  more 

Base 

Over  6"  on  one  or  both  legs 

Plus  lOe. 

3"  and  over 

Plus  6c. 

3"  and  over 

Base 

Plus  lOe. 

Plus    6c. 

Sise 

Price 

H  to3" 

Base 

Other  than  H  to  3" 

Varies 

1  to  6"  wide  by  H  to  1"  thick 

Base 

Other  sises 

Varies 

Under  3"  on  one  or  both  legs 

Varies 

Under  3" 

Varies 

Equal  leg  tees  under  3" 

Varies 

Sise 

Price 

yi"  and  heavier  up  to  72"  wide 

Base 

Ms"  under  72"  wide 

Plus  10  c 

yi"  over  72"  but  under  100"  wide 

Plus  10c. 

H"  and  heavier  100"  or  more  wide 

Plus  30c. 

20  trusses  Tl. 
Floor  beams. 


Form  of  Steel  Estimate 

Unit 
Lb.  per  owt. 

Is,  [s 19.780         at        2 .46 

80.200       Ls 60.266      2.46 2,180.71 

24.266       SmaULs 7.300      2.46 

104.466  lb.  Plates 13.000      2.66 

Flats .• 1.690      2.36 

Rivets 2.540      3 .76 

05 


344.60 
87.87 
96.26 

62.23.... 


Shop  paint 104.466      

Freight  at  18c.  per  owt.  plus  3  %  tax 

Shop  labor  at  $16  per  ton 780 .00 

Drawings  at  $2  per  ton 104.00 

884.00 
Administration,  insurance,  and  overhead.  100% 884.00 

Manufacturing  cost,  f.o.b.  destination,  mill  basis 

104,466  lb.  at  76c.  per  cwt 

Manufacturing  cost,  f.o.b.  destination,  stock  basis 


$2800.06 
193.68 


1768.00 


$4630.74 
783.49 

$6414.23 


In  connection  with  freight  rates  which  can  easily  be  procured  from  railroad  freight  offices, 
a  reduction  based  on  milling  in  transit  may  sometimes  be  estimated.  For  instance,  in  case  of 
a  structure  estimated  for  mill  shipment,  a  rate  may  be  frequently  used  based  on  hauling  steel 
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from  mills  to  building  site  plus  an  increase  for  what  may  be  called  a  stop-over  privilege  at  the 
point  where  material  is  to  be  fabricated.  This  rate  would  affect  a  saving  over  the  combined 
freight  rates  from  mills  to  fabricating  shops  and  fabricating  shop  to  destination. 

Under  the  present  tarifif  regulations  the  stop-over  privilege  is  limited  to  one  year  after 
receipt  of  inbound  property  at  fabricating  point  and  the  cost  for  this  privilege  is  l^c  per 
hundredweight. 

The  following  sample  of  estimate  of  shop  fabricating  costs  will  give  an  idea  of  the  increased 
values  as  well  as  a  general  method  for  computing: 


Trusses 


"21  ps€C93e8.oo'fmo 


Columns    ^ 
31350  lb. 


90V93^tXnS  • 

35,640  lb. 


I'I0'I925¥^  . 

Base  and  cap 

hQ'RG.^3likh 

Bas€,andcap' 


\ 


2ZPifec9s30' 
IIFhces  Sf 


39.od\ 

\  64.00 
25jOO\ 


L'Bracing 
1^714  lb     ^ 


Rtds 


I'Lj^^y    Tf    ^  ' 

l-L  3rABiki'  hokx/fs  32     » 


Z'L»yAffii'  T 
I'LZi'xrxi'   P 

l'LH'x2Vi'  P 


6  Pieces 
12 
Id 
12 
25 
20 


ft 


n 


[I'Bari'f  « 
6.3291b     \hBarr*^ 

I3i237lb 


122  Pieces 

-¥340 


Id' 
lef 

f 

6'9' 
16' 
16' 
16' 

24':2f 


\00  ^ 


u 

20.00 

10.00 
6.00^ 

900^ 
1200 
400 
9.00 
SOO 
15.00} 


6000 


54.00 


» 


f^' 


Add  mj^ 


$411.00 
$1027.50 


Fio.  2. 


The  unit  costs  used  have  not  been  raised  to  parallel  increased  labor  and  operating  expenses, 
such  as  now  exist,  but  are  held  to  the  same  basis  as  the  shop  records  of  the  last  four  to  five  yean. 
It  will  be  seen  that  150%  is  added  to  the  total  cost  to  bring  it  up  to  date.  The  letter 
''  P''  denotes  plain  material  incurring  only  cutting  and  punching  expense.  Sections  are  sketch- 
ed opposite  the  various  items  to  make  the  general  assembly  immediately  apparent  to  the 
person  in  charge  of  pricing.  The  costs  as  given  include  all  operations  of  measuring,  laying 
out,  templets,  etc. 

Costs  of  shop  drawings  are  generally  approximated  by  the  ton  of  steel  and  may  run  from 
$0.50  to  $10  per  ton.  Like  the  fabricating  costs,  these  are  governed  largely  by  the  amoimt  of 
duplication  in  the  members  fabricated. 

Assuming  that  the  unit  costs  used  when  pricing  material  are  based  on  mill  shipments,  it 
may  be  desirable  to  arrive  at  the  estimated  cost  for  delivery  out  of  stock.  An  item  covering 
this  difiference  is  then  entered  in  the  estimate  as  has  been  done  in  the  above  case. 

10.  Erection  of  Structural  Steel. — A  thorough  inspection  of  site  and  local  conditions  must 
be  made  before  starting  to  estimate.  Power  usually  plays  a  great  part  in  the  erection  of  the 
steel  and  if  it  can  be  obtained  cheaply  in  the  form  of  steam  or  compressed  air,  notations  to  that 
effect  are  made  on  the  estimate  sheet,  a  sample  of  which  follows : 
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No  compressed  air  or  steam  available  at  site. 

Equipment 

Unload  and  reload allow  $  160 .00 

Setting  and  dismantling  derrick  (10  ton  70  ft.  boom) allow  170 .00 

Moving allow  60 .00 

Steel 

Unloading— 300  tons  at  1 .00 300 .00 

Bulling— 300  tons  at  1 .00  (70  ft.) 300 .00 

Erecting — 300  tons  at  8 .00 2,400  .00 

Plumbing allow  60 .00 

Rivets — 300  tons,  20  per  ton  -  6,000  rivets  at  15c 900 .00 

Bolts — 300  tons,  3  per  ton  -  900  bolts  at  7c 63  .00 

Paint — 300  tons  at  1 .60 460 .00 

Superintendent — 5  weeks  at  60 .00 300 .00 

Engineer — 5  weeks  at  50 .00 260.00 

$5,383.00 
Workmen's  and  Liability  insurance,  20% 1,076  .60 

$6,460.60 

Railroad  fares— 4  men,  2  ways  at  4  .00 $  32  .00 

Freight  on  tools  and  equipment — 2  cars,  2  ways  at  20 .00, 80 .00 

Coal  for  raising  300  tons  steel 8  .0  tons 

Coal  for  driving  6000  rivets 12  0  tons 

20 .0  tons  at  6.00 120 .00 

Paint— 120  gal.  at  3.50 420 .00 

Miscellaneous  dumber. 30 .00  682 .00 


$7141 .60 


Add  percentage  for  overheads,  business  generals,  and  depreciation  of  tools. 


As  the  insurance  is  based  on  payroll  expenditure,  it  is  necessary  to  segregate  all  field  payroll 
items.  The  estimated  equipment  costs  must  necessarily  be  based  on  the  proper  kind  of  appara- 
tus for  the  type  of  structure  to  be  erected.  Stiff-leg  and  guy  derricks  are  most  commonly 
seen  on  building  erection.  The  term  "bulling  "  is  used  to  indicate  moving  or  dragging  structural 
steel  with  crow  bars,  dolly  rollers,  or  other  make-shift  methods  when  the  haul  is  not  long  enough 
to  justify  teaming  or  other  more  regular  methods  of  transporting. 

The  cost  of  setting  up  a  stiff-leg  derrick  on  the  ground  under  favorable  conditions  will 
run  from  about  $125  for  a  70  to  85-ft.  boom,  10-ton  rig,  to  $300  for  a  100-f  t.  boom,  20-ft.  out- 
rigger, 25-ton  capacity  derrick.  The  comparative  cost  for  setting  up  a  95-ft.  boom,  l&-ton 
capacity  guy  derrick,  with  minimum  of  six  1-in.  cable  guys  is  from  $200  to  $250.  An  8&-ft. 
steel  gin  pole  on  the  same  basis  would  cost  about  $80.  These  costs  are  based  on  a  wage  of 
87 Mc.  an  hour.  60%  should  be  added  for  dismantling,  ^-in.  diameter  field  rivets 
in  factory  buildings  run  from  12  to  15c.  a  piece.  Simplified  scaffolding  and  concentrated 
rivets  as  are  common  in  bridge  work  or  heavy  loft  buildings  will  tend  to  decrease  these  costs 
considerably.    Labor  costs  for  bolting  are  from  M  to  H  those  for  riveting. 

The  painting  of  structural  steel  is  approximated  by  the  ton  of  material  to  be  covered. 
Light  weight  steel  will  net  additional  and  more  scattered  surfaces  than  heavy  construction. 
Extra  scaffolding  often  raises  the  price  300  %.  Proportions  for  material  and  labor  noted  in 
above  estimate  are  for  medium  weight  shop  buildings. 

The  estimated  quantity  of  coal  depends  in  turn  upon  the  estimated  tonnage  and  the  number 
of  field  rivets.  For  the  first  type  of  structure  noted  in  the  accompanying  table,  the  coal  would 
probably  figure  at  the  ratio  of  one  ton  for  every  50  tons  of  steel,  plus  one  ton  for  every  400  to 
000  rivets  depending  upon  the  proper  number  of  riveting  gangs.  When  only  one  gang  is  work- 
ing, 50  %  more  coal  is  consumed. 

An  item  covering  railroad  fares  for  such  workmen  as  cannot  be  procured  at  the  site  is 
usually  entered  in  the  estimate.  This  item  is  mostly  a  matter  of  judgment  of  general  building 
conditions  and  in  unfavorable  building  localities  it  may  even  be  necessary  to  allow  for  the  costs 
of  commissaries  and  bunk  houses. 

Expense  due  to  planking  and  use  of  timbers  must  be  foreseen  by  the  estimator.  Parti- 
cularly in  connection  with  high  loft  building  erection  is  temporary  planking  necessary  around 
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the  derricks  and  at  floois  where  smaller  members  are  piled  and  sorted.  Tunbers  are  usually 
necessary  for  compression  members  in  setting  up  derricks.  Timbers  are  also  frequent)^ 
estimated  when  constructing  additions  to  present  buildings.  It  is  often  found  neoessaiy  to 
support  wall  bearing  members  until  new  material  is  set  in  place. 


Approximations  of  Wbiohts  of  Stbucturbs  and  Nxtmber  of  Shop  and  Fikld  Rrms 

These  are  taken  from  actual  structures  and  will  furnish  a  basis  for  rough  approximation  of  the  di£Ferait  types 
of  steel  skeletons.  The  weights  include  the  steel  frame  only,  and  the  crane  runway  when  noted.  None  of  the 
figures  include  weights  of  cranes  or  machinery. 


Type  of  building 


No.  of  shop 

rivets  per 

ton 


No.  of  fidd 

rivets  per 

ton 


Weight  of  steel 

per  sq.  ft.  of 

structure 

(pounds) 


Saw-tooth  shop  bldg.,  gypsum  tile  roof,  24  ft.  to  bottom  chord  of  truss, 
5-ton  cap.  runways 


Same  building,  Id  ft.  to  bottom  chord  of  tniss,  no  crane  runways 


Flat  roof  factory  bldg.,  gsrjMum  tile  roof,  40  ft.  to  bottom  chord  of  tniss, 
5-ton  crane  runways 


High  and  low  bay  factory  bldg.,  24  ft.  to  bottom  chord  of  truss,  5-ton 
crane  runways 


Office  buildings. 


Foundry  cupola  floor  framing  including  columns  and  checkered  steel  floor 
plates 


Yard  crane  runways 
40-ft.  span — 16  ft.  to  rail — 10-ton  cap. 
40-ft.  span — 16  ft.  to  rail — 20-ton  cap. 
60-ft.  span — 24  ft.  to  rail — 10-ton  cap. 
60-ft.  span — 24  ft.  to  rail — 20-ton  cap. 
80-ft.  span — 32  ft.  to  rail — 20-ton  cap. 
80-ft.  span — 32  ft.  to  rail — 30-ion  cap. 


Head  frame  over  shaft  of  iron  mine  125  ft.  high.     15  tons  working  load . 


130  to  200 


100  to  200 


90  to  120 

25 

90  to  120 

25 

100  to  130 

19 

90  to  130 

22 

100  to  200 

22 

100  to  200 

32 

30 


40 


12  to  16 


11  to  15 


14  to  20 


14  to  18 


•2  to  4 


35  to  60 


300 
500 
350 
600 
500 
725 


175  tons  • 
400  tons  • 


*  Weight  per  cubic  foot  of  building. 

•>  Weight  per  lineal  foot  of  crane  travel. 

•  Total  weight— light. 

■  Total  weight  if  equipped  with  crushers,  conveyors,  etc. 

11.  Brickwork. — Brickwork  is  priced  by  the  unit  of- 1000  brick  (abbreviated  M).  A 
simple,  accurate  method  for  arriving  at  the  number  of  brick  is  to  list  the  area  and  thickness  of 
each  wall.  Using  standard  size  brick  which  are  2)^  X  3%  X  8  in.,  an  average  of  7  bricks  is 
estimated  for  each  square  foot  of  wall  of  thickness  equal  to  the  width  of  one  brick.  If  the  thick- 
ness of  the  wall  is  two  bricks  wide,  then  14  bricks  per  square  foot  are  estimated,  etc. 


Thickness  of  wall 

1  standard  brick  width— 4  in ... , 

2  standard  brick  width — 8  in 

3  sUndard  brick  width— 12H  in. 

4  standard  brick  width — 17  in.. . 

5  standard  brick  width — 21  in. . . 


Number  of  brick 
estimated  per  sq.  ft. 
7 

14 

21 

28 

35 


The  estimated  number  of  brick  in  a  building  is  frequently  designated  as  "wall  coimt."  This 
term  indicates  that  the  total  wall  areas  have  been  considered  without  deductions  for  openings, 
such  as  doors  and  windows.     It  is  assumed  that  the  expense  for  bricking  jambs,  etc.,  around 
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these  openings  is  the  same  as  the  cost  would  be  for  building  them  solid.  While  this  assumption 
may  be  correct,  the  result  does  not  indicate  the  exact  amount  of  material  to  be  purchased.  The 
iollowing  detailed  unit  cost  is  intended  for  pricing  a  take-ofif  in  which  all  openings  2  X  2  ft.  or 
larger  have  been  deducted.  A  feature  for  adjusting  the  number  of  brick  estimated  with  the 
varying  thickness  of  the  mortar  joints  that  may  be  specified,  b  essential.  This  adjustment  can 
be  made  when  compiling  the  unit  price.  Assuming  that  a  standard  size  common  brick  is  to  be 
used  with  a  K-in*  joint,  the  unit  cost  per  M  is  made  up  apjproximately  as  follows: 

Briok  f.o.b.  destination $13 .50  per  M 

Unloading 1 .60 

$15 .00  per  M 

910  brick  at  $15  per  M $13 .85 

H  bbl.  cement  at  2.40 0.30 

1  part  lime.  IH  bu.  at  0.60 1 .06 

3  iMurts  sand.  H  cu.  yd.  at  1.46 0.73 

Water 0 .  12 

Labor  (mixing  mortar  and  laying  brick) 12 .65 

Scaffold  material 1 .00 

Scaffold  labor 2  00 

$31.60 

When  a  M-in.  joint  is  estimated,  there  are  actually  6.37  brick  in  1  sq.  ft.  of  wall.  In  order 
to  avoid  using  this  ambiguous  fraction  in  numerous  extensions,  it  has  been  assumed  that  seven 
brick  occur  in  each  square  foot  of  wall  as  noted  in  above  table.     Therefore,  for  each  1000  brick 

developed  by  the  take-off,  only  =^  of  1000,  or  910  brick,  will  really  be  used.    This  then  is 

the  number  of  brick  per  M  estimated,  that  will  need  to  be  purchased,  and  has  accordingly  been 
used  in  arriving  at  the  unit  price  per  M. 

A  simple  method  that  may  be  used  for  the  development  of  this  actual  number  of  brick  required  for  1  sq.  f t.  of 
wall  of  thickness  equal  to  one  brick  width,  is  to  lay  out  on  a  drawing  board  1  sq.  ft.  of  wall  including  only  ttreteher 
courses.  Another  square  foot  of  wall  is  then  sketched  showing  only  header  courses.  As  these  walls  are  but  ono 
brick  width  in  thickness,  the  amount  of  brick  in  each  b  readily  determined  by  dividing  the  area  of  the  exposed  faces 
by  the  area  of  one  side  of  the  sise  brick  estimated.  If  a  header  course  is  specified  at  every  fifth  row,  then  the 
value  of  the  number  of  brick  in  the  stretcher  sketch  is  4  times  that  for  the  number  of  brick  developed  in  the  sketch 
showing  headers.  The  average  number  of  brick  per  square  foot  of  wall  is  then  determined  by  adding  4  times  the 
number  of  brick  appearing  in  stretchers  to  the  number  shown  in  headers  and  dividing  by  5. 

This  computation  can  be  made  for  any  sise  brick  and  although  the  result  is  not  100  %  correct,  it  is  suflleiently 
accurate  for  any  practical  purpose.  Further  refinement  would  be  offset  by  variances  occurring  with  field  opera- 
tions and  would  be  of  little  practical  benefit. 

The  cost  of  walls  constructed  of  face  brick  backed  up  with  common  brick  is  generally  estimated  by  first  listing 
the  entire  wall  as  though  it  were  of  one  kind  of  brick.  A  second  take-off  is  then  made  of  the  face  brick.  This  is 
subtracted  from  the  whole  to  obtain  the  number  of  common  brick. 

The  unit  cost  for  walls  of  brick  veneer,  usually  a  single  thickness  of  only  stretcher  courses,  often  indudes  the 
metal  ties  for  bonding  the  brick  to  the  body  of  the  wall.  The  number  of  brick  occurring  in  each  square  foot  of  this 
veneer  wall  as  well  as  in  English,  Flemish,  or  any  of  the  other  numerous  bonds,  is  readily  determined  by  the  proper 
nuinipulation  of  the  values  developed  by  the  sketches  of  stretcher  and  header  courses  as  explained  above. 

When  constructing  sills,  corbels,  soldier  courses,  etc.,  the  extra  labor  may  be  estimated  by  allowing  from  12 
to  18c.  per  lineal  foot  in  addition  to  the  cost  already  appearing  in  the  estimate,  by  including  these  quantities  with 
the  straight  wall  work.  Arches  likewise  entail  extra  costs.  Frequently  a  temporary  wooden  support  must  be 
built  and  an  item  of  carpentry  is  included. 

The  firing  of  a  kiln  of  common  clay  generally  results  in  a  percentage  of  extra  hard-burned,  slightly  undersise 
bricks,  which,  when  necessary,  may  be  bought  for  a  premium  covering  the  cost  of  selecting,  usually  about  $1 
per  M. 

In  determining  the  labor  cost  of  laying  brick,  it  is  well  to  refer  to  the  plans  to  ascertain  if  much  cutting  of  briok 
be  necessary.  Gable  end  walls  with  sloping  tops  are  bound  to  increase  the  labor  unit.  Corners,  pilasters,  reveals, 
etc.,  all  retard  the  progress  of  a  mason  gang.  As  all  masons  in  the  squad  should  be  ready  simultaneously  for  the 
raising  of  the  chalk  line,  the  best  bricklayers  are  usually  placed  at  the  corner*.  Especially  when  working  from  the 
interior  side  of  the  wall,  there  must  be  considerably  more  brick  apportioned  to  the  corner  man  than  to  those  along 
the  straight  wall  due  to  the  space  required  by  the  mason  to  carry  on  his  work.  The  construction  of  the  building  with 
regard  to  these  features  will  greatly  affect  the  unit  labor  cost  allowed  for  bricklaying. 

A  considerable  variance  in  the  cost  of  mixing  mortar  makes  discussion  of  that  branch  of  masonry  estimating 
rather  difficult.  It  has  been  the  writer's  experience  that  where  one  mixer  can  supply  mortar  for  5  masons,  another 
Qodw  the  same  eonditiona  may  provide  for  15.    It  may  be  required  to  find  what  part  of  the  labor  cost  of  brick- 
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lasdng  is  eetimated  for  mixing  mortar.  A  fair  average  would  be  to  figure  one  day's  wages  for  the  mortar  mucar  m 
furnishing  material  for  7000  brick.  13H  cu.  ft.  or  H  cu.  yd.  of  sand  is  commonly  estimated  to  provide  mortar  for 
laying  1000  brick,  and  may  be  used  as  the  basis  of  material  quantities.  Should  the  specifications  call  tor  a  1-3  or 
1--4  mix,  the  number  of  bushels  of  lime  are  determined  by  proportioning  accordingly.  As  a  bushel  contains  1.2444 
(IK)  cu.  ft.,  the  quantity  of  lime  required  is  a  simple  computation.  Again,  if  a  cement  gaged  lime  mortar  is  speci- 
fied of  1—4-16  proportions,  the  basis  of  quantities  is  the  16  parts  of  sand.  Let  the  16  parts  equal  H  ou.  yd.  and  mIts 
the  other  two  volumes  accordingly. 

Referring  to  the  sample  cost  for  1000  brick,  the  proportion  of  the  1^^  bu.  lime  and  H  cu.  yd.  sand  will  be  foand 
to  be  approximately  as  1-6,  whereas,  the  mixture  is  designated  1-3.  This  difference  is  caused  by  the  practice  of 
estimating  lime  in  the  dry  bulk  state  in  which  it  is  usually  purchased.  Slaking  of  lump  lime  nets  about  twice  as 
much  lime  paste,  which  is  the  basis  of  the  proportions. 

A  wall  of  face  brick  is  usually  laid  with  colored  mortar.  The  cost  of  the  coloring  per  1000  brick  is  added  in  the 
unit  cost  of  the  brickwork  before  extending.  In  the  case  of  a  wall  combining  face  and  common  brick,  where  colored 
mortar  is  used  only  for  the  face  brick,  it  is  necessary  to  furnish  the  masons  with  two  kinds  of  mortar.  This  is  some- 
what of  a  nuisance  and  necessitates  a  slight  increase  in  the  unit  estimated  labor  cost.  As  is  the  case  for  practicaUjr 
all  coloring  pigments,  the  amount  of  mortar  color  depends  upon  the  color  and  shade  to  be  developed.  For  medium 
effective  shades,  an  average  of  40  lb.  double  strength,  or  60  lb.  single  strength,  is  estimated  for  every  1000  brick. 
As  far  as  the  mortar  is  concerned,  the  coloring  is  a  matter  of  material  cost  only.  An  increase  should  be  made  in 
the  estimated  unit  cost  for  bricklajring  when  a  light  face  brick  is  used  with  a  dark  mortar,  or  vice  versa.  These 
color  combinations  require  care  to  be  taken  when  distributing  materials  along  the  scaffold  and  also  when  building 
the  wall  so  that  there  will  be  no  discoloration  of  an  expensive  brick  that  is  used  ostensibly  for  the  sake  of  appearance. 

The  scaffold  material  item  of  $1  as  it  appears  in  the  detailed  estimated  unit  cost  of  1000  brick  is  not  intended 
to  cover  the  cost  for  purchasing  scaffold  required  to  lay  1000  brick  but  covers  the  estimated  deterioration  of  the 
contractor's  equipment  on  hand.  Due  to  the  weight  of  materials,  the  mason  requires  a  substantial  scaffold.  Aa 
accurate  estimated  cost  of  erection  must  be  the  result  of  experience  in  the  class  of  work  to  be  encountered. 

12.  Steel  Sash  and  Operators. — The  area  of  steel  sash  is  listed  in  the  estimate  and  the  price 
per  square  foot  is  applied  separately  to  each  diflferent  class.  An  estimator  familiar  with  market 
prices  may  bo  able  to  approximate  a  fairly  accurate  price  per  square  foot  for  steel  sash  include 
ing  glass  and  glazing  complete,  but  as  a  rule  it  is  advisable  to  take  quotations  from  sash 
manufacturers  particularly  when  large  quantities  are  considered. 

Although  sash  are  hardly  ever  sold  by  weight,  it  furnishes  in  conjunction  with  the  number  of  joints  a  good 
criterion  for  the  comparative  price,  as  sash  with  small  sice  lights  weigh  more  than  sash  with  large  sise  lights,  and  the 
increased  number  of  joints  and  ventilators  increase  the  labor  cost  of  production. 

The  estimating  of  operators  for  steel  sash  is  generally  based  on  a  unit  of  one  lineal  foot.  There  are  noany  differ- 
ent makes  of  these  operators  on  the  market  with  a  wide  range  of  prices,  like  most  specialties.  For  this  reason  the 
general  contractor  usually  takes  quotations  to  determine  the  amount  to  be  allowed  in  the  estimate. 

13.  Glazing  Steel  Sash. — Glass  and  putty  are  the  two  common  materials  included  in  the 
glazing  estimate. 

The  procedure  for  taking  off  and  pricing  common  glass  as  well  as  other  materials,  must 
confomi  to  the  general  methods  of  marketing.  Glass  is  usually  stored  in  cases,  the  sizes  and 
number  of  pieces  in  a  case  being  found  on  most  any  stock  list.  The  areas  of  sheets  of  the  same 
texture  in  standard  lengths  and  widths  up  to  40  in.  are  listed  in  one  group.  Glass  over  40  in. 
wide  costs  10%  more  on  the  basis  of  area,  and  is  therefore  listed  separately.  When 
estimating  odd  sizes,  the  cost  of  the  next  larger  standard  size  is  taken  plus  10  %  for  re- 
cutting.  Ventilator  glass  is  usually  of  special  size  as  the  lights  at  top  and  bottom  of  ventilatore 
are  J^  in.  shorter  and  the  lights  at  sides  of  ventilators  are  Jg  in.  narrower  than  the  standard 
lights.  Ventilator  lights  not  touching  at  top,  sides,  or  bottom  of  ventilator,  are  generally  of 
same  dimension  as  the  main  stationary  lights.  M-in.  wire  ribbed  glass  costs  about  30  %  more, 
and  factory  ribbed  glass  costs  about  30  %  less  than  double  strength  (D.S.)  AA  grade  clear  glass. 
Opaque  glass  as  a  rule  is  cheaper  than  clear  glass  as  the  imperfections  cannot  be  as  readily 
detected. 

Approximately  1  lb.  of  putty  is  required  to  glase  a  14  X  20-in.  light.  H  lb.  of  putty  is  generally  estimated  for 
every  square  foot  of  standard  side  wall  type  sash,  or  1  lb.  for  every  6  lin.  ft.  of  stopping.  The  sise  of  the  opening* 
in  monitor  sash  varies  greatly,  and  approximation  of  putty  is  hardly  feasible  from  the  basis  of  area.  One  pound 
will  spread  from  4  to  6  lin.  ft.  In  all  cases,  the  above  values  include  both  the  puttying  and  back-puttying  necessary 
to  prevent  the  glass  from  bearing  directly  against  the  steel. 

Steel  sash  are  usually  estimated  to  be  glased  after  erection.  Having  no  separate  frames,  sash  are  set  when  the 
wall  is  built.  A  large  steel  sash  glased  before  erection  would  be  a  delicate  article  to  handle  and  more  than  likely 
most  of  the  lights  would  be  knocked  out  by  the  various  tradesmen  working  on  the  upper  part  of  the  structure. 

The  general  estimated  unit  cost  per  square  foot  is  often  made  up  as  follows: 
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>i-in.  wire  ribbed  plate $0 .30 

Putty,  H  lb.  at  6c.  per  lb 0 .03 

Labor  glaiing         \  ^  ^ 
Labor  scaffolding  J 


to. 41 

Before  using  the  above  unit  costs,  from  2  to  5  %  is  added  to  the  net  estimated  quantity  of  glass  commensurate  with 
the  amount  of  shipping  and  handling.  When  glass  is  shipped  by  rail,  material  cost  includes  freight  to  site  and  labor 
cost  is  added  for  unloading. 

14.  Corrugated  Iron  or  Steel. — (Corrugated  iron  or  steel  is  sold  by  the  hundredweight.  As 
estimated  for. steel  buildings,  however,  it  is  conveniently  taken  in  units  of  100  sq.  ft.  The 
design  drawings  often  show  the  size  and  position  of  each  sheet,  thereby  simplifying  thetaking-off 
of  quantities.  The  estimating  of  surfaces  from  drawings  not  showing  the  individual  sheets 
may  not  be  quite  as  accurate.  The  net  area  to  be  covered  is  listed  in  the  take-off,  plus  an 
allo^\  ance  of  from  10  to  30%  for  side  and  end  laps  depending  upon  the  surface  slope  with 
regard  to  weather.  The  standard  corrugations  are  2,  2\i,  and  3  in.  from  peak  to  peak  of  each 
ridge.  CJommon  stock  sizes  are  273^  in.  wide  and  5,  6,  7,  8,  9,  and  10  ft.  long.  This  width 
sheet  covers  a  net  strip  2  ft.  wide,  making  a  customary  lap  of  1)^  corrugations.  The  end  laps 
range  from  6  in.  on  a  J-i-in.  pitch  roof  to  3  in.  for  vertical  walls.  A  sheet  of  composition 
roofing  is  sometimes  laid  under  the  metal  when  covering  roofs  of  less  than  }^  pitch.  Corru- 
gated covering  may  be  fastened  by  steel  clips  bent  around  the  supporting  members,  or  by 
nailing  to  wood  nailer  strips. 

The  gross  number  of  squares  of  corrugated  iron  is  extended  at  the  unit  price  made  up  somewhat  as  follows: 

Material — 1  sq.  24  ga.  galv.  sUndard  126  lb.  at  $8.20  per  cwt $10 .33* 

Fasteners 0.60 

Labor  (unloading  0.07,  application  2.53) 2 .60 

Generals,  overheads,  etc.,  70  % 1 .82 4 .42 


*  Includes  freight.  $15.35 

The  item  of  labor  varies  greatly  with  the  height  of  the  application  and  the  surface  with  respect  to  number  of  open- 
ings. The  price  used  would  apply  for  favorable  conditions — that  is,  to  a  low  structure  with  a  moderate  number 
of  windows.  The  labor  would  need  to  be  doubled  or  trebled  when  estimating  high  surfaces  broken  by  numerous 
doors  and  windows. 

16.  Carpentry. — Waste  is  a  big  factor  in  the  estimating  of  lumber.  Full  size  boards  are 
rough,  and  dressing  or  planing  will  naturally  reduce  the  covering  values  so  that  an  extra  per- 
centage must  be  allowed.  The  increased  quantities  due  to  waste  are  included  in  the  material 
take-off  with  the  result  that  both  material  and  labor  costs  are  based  on  the  gross  amount  of 
material  estimated. 

When  boards  must  be  cut  to  odd  lengths,  there  is  another  element  of  waste.  The  common  standard  mill  lengths 
of  lumber  are  from  10  to  30  f t.in  multiples  of  2  ft.  Sticks  0  ft.  long  would  be  estimated  as  18-ft.  pieces  out  in  half. 
A  stick  9  ft.  2  in.  long  may  be  cut  from  a  mill  length  board  of  10  ft.  Long  lengths  of  lumber  cost  more  per  thousand 
board  feet  than  short  lengths  and  must  be  so  considered  when  determining  nearest  standard  multiple  of  odd  length 
required.  Lengths  of  10,  12,  14  and  16  ft.,  of  like  section,  usually  cost  the  same  with  an  advance  in  unit  price  for 
each  additional  2  ft.  For  instance,  if  the  unit  cost  of  28-ft.  lengths  is  10  %  more  than  16-f t.  lengths,  it  is  more 
economical  to  waste  up  to  10  %  more  lumber  in  using  the  16-ft.  stock.  Lumber  should  be  so  separated  when  listing 
in  the  take-off  that  pieces  of  different  lengths  and  consequent  varsring  costs  can  be  priced  separately. 

The  table^  on  p.  1040  should  be  of  assistance  in  determining  the  number  of  boards  required  to  cover  the  widths 
of  various  constructions  that  may  be  shown  on  plans.  The  lengths  of  the  boards  estimated  as  noted  in  the  preced- 
ing paragraph  must  be  considered  with  respect  to  the  spacing  of  supports. 

The  quantities  of  nails  often  estimated  for  various  carpentry  are: 

1000  laths,  7  lb.  3  d.  fine;  or  for  100  sq.  yd.  of  lathing,  use  10  lb.  of  3d.  fine. 

1000  sq.  ft.  beveled  siding,  18  lb.  fid. 

1000  sq.  ft.  sheathing,  20  lb.  8d.  or  25  lb.  lOd. 

1000  sq.  ft  flooring.  30  lb.  8d.  or  40  lb.  lOd. 

1000  sq.  ft.  studding,  15  lb.  lOd.  or  5  lb.  20d. 

1000  sq.  ft.  1  X  2H-in.  furring,  12  in.  centers,  0  lb.  8d.  or  14  lb.  10  d. 

1000  sq.  ft.  1  X  2^i-m.  furring,  16  in.  centers,  7  lb.  8d.  or  10  lb.  lOd. 

1  Originally  compiled  by  J.  J.  Edwards. 
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Nails  Rbquibbd  peb  1000  Ft.  B.  M.  Lumber 


Number 

8ise 

Number 

Sue 
plank 

Spacins  of  joiiti 

Sixe  common  nail 

required 

finishing 

required 

or  purlina 

(pounds) 

nail 

(pounds) 

Gnchea) 

8d 

33 

8d 

18 

1  X6 

12 

21 

12 

18 

16 

9 

24 

16d 

23 

20d 

35 

2X6 

24 

0H 

14 

60 

8 

12 

72 

6« 

10 

84 

6 

9 

98 

BH 

8 

108 

50d 

26 

60d 

31 

3  X  10 

36 

22>i 

26H 

42 

19H 

23H 

48 

I5hi 

18H 

60 

13 

15M 

72 

11 

13 

84 

994 

llH 

06 

0 

lOH 

108 

8 

9 

120 

The  values  given  in  foregoing  nail  table  are  for  average  lengths  of  wood,  double  nailed  at  the  ends  and  single  naUed 
at  intermediate  points.  Where  end  joints  occur,  both  abutting  ends  are  usually  double  nailed,  and  for  that  reaacm, 
the  number  of  nails  for  a  given  work  will  vary  with  lengths  of  the  boards  used.  When  large  surfaces  are  estimated, 
it  is  often  worth  while  to  develop  the  actual  number  of  nails  which  can  be  resolved  into  pounds  by  using  the  following 
weights: 


Size  nnil 

Extra  per  cwt. 

Length    (inches) 

Gage 

Approz.  number 
of  nails  in  1  lb. 

60d. 

Base 

6 

2 

11 

50 

Base 

W 

3 

14 

40 

Base 

5 

4 

18 

30 

Base 

4M 

5 

24 

20 

Base 

4 

6 

31 

16 

0.05 

3>i 

8 

40 

12 

0.05 

^H 

9 

63 

10 

0.05 

3 

9 

69 

9 

0.10 

2H 

lOK 

96 

8 

0.10 

2H 

lOK 

106 

7 

0.20 

2H 

IIH 

161 

6 

0.20 

2 

IIH 

181 

6 

0.30 

IH 

12H 

271 

4 

0.30 

IH 

12M 

316 

8 

0.45 

IK 

14 

568 

2 

0.70 

1 

15 

876 

It  is  convenient  to  group  all  nails  and  other  hardware  in  the  estimate,  omitting  these  at  the  time  the  carpentry  ii 
listed. 

Wood  naUera  are  frequently  used  on  steel  members  for  fastening  corrugated  iron,  wood  roofs,  millwork,  etc. 
For  ordinary  roof  docks,  2  X  4  or  2  X  6-in.  nailers  are  commonly  used  with  a3X4or3X6  wherever  ends  of  roof 
boards  butt  together  and  double  nailing  occurs,    ^^-in.  carriage  bolts  are  usually  estimated  on  18  to  36-in.  centers. 

Material  and  labor  are  figured  by  the  thousand  feet  board  measure.  The  main  feature  in  determining  the 
labor  allowance  may  bo  the  possibility  of  bolting  the  nailer  before  the  steelwork  is  erected.  Nailers  attached  to 
steel  members  after  erection  may  eoet  from  50  to  1 50  %  more. 

Roof  Decking. — The  cost  of  applying  roof  planking  like  all  other  roofing  operations  depends  mostly  upon  the 
slope  of  the  roof  and  the  extent  to  which  the  roof  surface  is  broken  up.     On  a  flat  roof  where  the  carpenter  need 
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take  no  preoautiona  against  aliding,  the  work  is  carried  on  at  a  faster  pace.  Height  of  roof  wiU  also  influence  the 
cost.  If  the  roof  is  too  high  to  permit  workman  on  the  ground  to  hand  the  boards  up  to  the  men  above,  costs  of 
hoisting  are  included.  For  factory  buildings  it  is  more  a  case  of  hoist  or  no  hoist,  as  there  is  no  appreciable 
difference  in  the  cost  for  raising  lumber  25  or  65  ft.     The  unit  cost  may  be  estimated  as  follows: 

1  M   2  X  6  dressed  and  matched,  LLYP $50 .00 

12  1b.,  16d  nails  at  6c. 0.72 

Labor  unloading  lumber 1 .00 

Labor  laying 15 .00 


$66.72 


Temporary  end  or  side  framing  of  studs  and  sheathing,  or  studs  and  siding,  is  often  estimated  for  steel  factory 
buildings  when  the  owner  anticipates  further  expansion.  The  material  (studding  and  surfacing)  is  generally  listed 
and  estimated  as  two  separate  items,  resolved  into  feet  board  measure,  priced  and  extended  by  the  thousand.  To 
arrive  at  the  labor  cost  of  this  kind  of  framing,  some  estimators  apply  a  price  per  square  foot  covering  both  the 
siding  and  studding  costs.  The  labor  cost  for  studding  usually  runs  more,  however,  and  by  separate  listing  more 
accurate  units  are  employed. 

Interior  Trim. — The  coets  of  the  various  moldings  used  for  interior  trimming  unlike  most  branches  of  carpen- 
try, are  frequently  based  on  a  price  per  lineal  foot,  both  the  material  and  labor  coets  being  made  up  on  this  basis. 
The  material  includes  the  gross  sise  of  the  section  planed  plus  the  cost  for  running  the  board  through  the  mill.  Plain 
8<»ctions  cost  about  the  same  as  fancy  ones,  providing  there  is  the  same  number  of  machining  operations.  The 
labor  costs  include  the  use  of  finishing  naUs  set  into  the  wood  so  that  the  hol«  may  later  be  puttied  over  by  the 
painter. 

16.  Painting. — Painting  is  estimated  by  units  of  area,  sometimes  1  sq.  ft.,  1  sq.  yd.,  or  1 
square.  The  unit — 1  square — seems  most  practicfid  because,  if  anything,  it  is  easier  to  develop 
a  price  per  100  sq.  ft.  than  a  price  for  1  sq.  ft.  Furthermore,  to  maintain  the  same  accuracy, 
a  unit  per  square  foot  must  be  carried  into  several  more  decimal  places,  and  this  seems  like 
unnecessary  detail.  In  arriving  at  the  number  of  squares,  the  take-off  includes  the  gross  areas 
to  be  covered.  Like  all  other  operations,  surfaces  with  varying  unit  costs  are  taken  off  sepa- 
rately so  that  the  correct  unit  price  may  be  speedily  approximated  for  the  several  items,  each  of 
which  includes  only  one  class  of  work.  Each  list  bears  a  caption  fully  describing  the  material 
and  the  number  of  coats  the  surface  is  to  receive.  When  listing  the  painting  of  glazed  doors 
and  windows,  no  deduction  is  made  for  the  glass.  The  extra  cost  of  painting  the  narrow  striping 
balances  the  saving  of  material.  It  is  well,  however,  to  note  the  area  of  this  kind  of  surface 
in  the  event  the  exact  amount  of  paint  will  have  to  be  determined  later.  The  labor  conditions 
are  best  derived  by  reference  to  the  drawings. 

Values  fob  One  Gallon  of  Mixed  Paints 


Kind  of  paint 

Pounds 
of  pigment 

Volume  of  liquid 
element  (gallons) 

Surface  covering  value 

MeUl 

Smooth 
wood 

Phftster 

Brick 

Lead  and  linseed  oil 
ffinc  and  linseed  oil 
Hard  oil  or  varnish 
Hard  oil  or  varnish 
Glue  sise  and  water 
Cold  water  paint. . 

17 
12 

•  • 

•  • 

H 
5 

300 
400 
480 

•  •  t 

•  •  • 

250 

250 
330 
400 
500 
400 
250 

200 
270 
320 
400 
300 
225 

170 
220 
270 
350 
250 
200 

First  or  second  coat 
First  or  second  coat 
First  coat  only 
Second  coat  only 
First  coat  only 
First  coat  only 

The  increased  covering  or  spreading  value  of  the  sine  paint  does  not  represent  any  economy  over  the  use  of 
lead  paint,  as  the  sine  will  not  usually  cover  as  effectively  as  the  lead.  Up  to  10%  of  dryer  may  be  used  to  force  the 
chemical  action  of  the  drying  and  lessen  the  drying  time  of  the  first  coat,  but  dryers  are  seldom  estimated  as  an 
ingredient  of  the  last  two  coats  as  it  is  generally  known  that  the  wearing  quality  of  paint  is  impaired  proportionately 
with  the  amount  of  dryer  added.  Similarly,  glue  sise  as  a  first  coat  is  estimated  only  for  the  cheaper  grades  of  work. 
TIm  cost  of  glue  sise  is  about  5  %  of  that  of  good  paint  but  it  will  not  adhere  nearly  as  well  as  a  first  coat  of  thin 
paint.  The  unit  cost  of  painting  for  common  classes  of  work  is  usually  understood  to  include  scaffold  labor.  In 
only  rare  instances  does  a  painter  do  any  work  for  which  no  ladders  and  staging  are  necessary. 

17.  Composition  Roof  Coverings. — RxK>fing  is  generally  estimated  by  the  square — ^that 
is,  a  unit  of  100  sq.  ft.     The  roof  surfaces  are  listed  in  the  estimate  allowing  about  1  ft.  at 


1044  HANDBOOK  OP  BUILDING  CONSTRUCTION  [8m.  1-18 

parapets,  or  more  when  specified,  and  the  area  resolved  into  squares.  As  the  average  genenl 
contractor  usually  purchases  roofing  in  place  from  the  roofers,  quotations  are  generally  used 
for  pricing  the  estimate.  The  unit  price  as  quoted  by  the  roofer  having  a  specified  type  and 
weight  of  roofing  in  mind,  would  depend  on  the  pitch  of  roof,  height,  number  of  separate  roofii 
into  which  the  area  may  be  divided,  and  the  construction  of  the  roof  deck.  A  roof  is  generally 
termed  steep  or  flat  depending  upon  whether  roof  ladders  need  be  used.  The  diviaion  oecun 
in  the  neighborhood  of  }i  pitch. 

18.  General  Field  Expenses. — After  all  of  the  building  operations  have  been  included  in 
the  estimate,  a  summary  is  made  of  the  costs  for  conducting  all  work  not  a  part  of  any  specific 
installation.  These  generals  may  be  listed  separately  or  grouped  in  the  following  manner  with 
the  total  carried  over  into  the  right-hand  column  as  shown  on  sample  estimate  in  Art.  2. 
Assuming  a  factory  building  costing  about  $800,000,  these  items  will  appear  approxinaately 
as  follows : 

Amount  brought  forward $608,134 .00 

Clearing  rubbish  from  premiaee $1,000 .00 

Freight  on  6  to  10  carloads  equipment  per  tool  list 400 .00 

Railroad  fares 400 .00 

Coal,  300  tons  at  $6 1,800 .00 

Temporary  sheds 700 .00 

Office  stationery,  stamps,  etc 100 .00 

Telegraph  and  telephone  expense 500 .00 

Superintendent,  9  months  at  350 3,150 .00 

General  foreman,  9  months  at  250 2,250 .00 

Civil  engineer,  8  months  at  200 1,600 .00 

Timekeeper,  9  months  at  160 1,440 .00 

Car  tracer 800  00 

Two  watchmen.  9  months  at  100 1,800 .00 

'Insurance  (Workmans  Compensation  and  Liability)  10%  of  H  of  $800,000 26,667.00                    42.607.00 

$740,741 .00 

Overheads  (say  S^i) 60,250.00 

Total  cost $800,000.00 

*  10%  is  the  estimated  rate  of  insurance  for  factory  structures.  Rates  vary  in  different  localities.  H  i*  tlM 
estimated  proportion  of  labor  to  the  total  cost  of  the  building — in  other  words,  the  estimated  payroll  expenditura. 

Adding  field  overheads  to  the  other  costs  appearing  in  the  estimate  gives  a  total  on  which 
the  general  office  and  contracting  overheads  can  be  based.  The  percentage  used  to  determine 
this  general  office  overhead  depends  entirely  upon  what  proportion  of  the  organization  is 
contained  in  the  general  office.  By  adding  this  percentage  in  the  estimate,  the  net  cost  of 
the  construction  is  established  and  only  the  allowance  for  profit  is  needed  to  arrive  at  the  bidding 
price.  Naturally  the  above  outline  will  not  serve  for  all  conditions  affecting  estimates.  Often 
an  organization  uses  a  smaller  profit  factor  on  sub-bids  than  on  the  work  to  be  executed  by  its 
own  forces,  and  in  that  event  the  estimator  should  use  a  separate  column  for  sub-bids  or  have 
other  ready  means  for  determining  at  once  the  total  amount  of  the  work  to  be  sublet. 


SECTION  2 

ESTIMATING  CONCRETE  BUILDINGS' 
By  Clayton  W.  Mayers 

Making  an  estimate  for  a  reinforced  concrete  building  involves  much  more  labor  than  is 
required  in  the  preparation  of  estimates  for  buildings  constructed  of  structural  steel,  brick, 
wood,  or  a  combination  of  these  materials.  This  becomes  obvious  when  we  consider  that 
a  reinforced  concrete  beam  is  composed  of  a  certain  amount  of  cement,  sand,  crushed  stone, 
water,  reinforcement,  formwork,  and  labor,  while  a  steel  I-beam  in  place  in  a  building  represents, 
insofar  as  we  are  concerned,  only  a  certain  amount  of  structural  steel  and  labor. 

In  order  to  estimate  the  cost  of  a  reinforced  concrete  beam,  column,  floor  slab  or  wall,  it  is 
necessary  to  determine  the  amount  of  concrete,  steel  reinforcement,  formwork,  and  labor  in- 
volved and  to  these  amounts  affix  proper  unit  prices.  In  arriving  at  proper  unit  prices,  it  is 
necessary  to  still  further  subdivide  the  amount  of  concrete  into  its  constituent  parts  of  cement, 
sand,  and  crushed  stone.  The  amount  of  lumber  necessary  to  properly  form  the  concrete 
must  be  determined  before  a  correct  unit  price  for  formwork  can  be  decided  upon.  The  neces- 
sary amount  of  plant  equipment  and  labor  must  be  carefully  considered  and  the  cost  determined 
before  the  estimate  is  complete.  (Compare  with  this  the  process  of  estimating  the  cost  of  a 
steel  member  in  a  building,  which  consists  of  so  many  pounds  of  steel  and  so  much  labor,  and 
we  readily  appreciate  that  to  estimate  properly  all  the  structural  members  of  a  reinforced 
concrete  building  requires  much  more  detail  work  than  is  required  in  estimating  most  other 
types  of  building  construction. 

1.  Systematic  Procedure  Advisable. — In  estimating  the  cost  of  a  reinforced  concrete  build- 
ing it  is  necessary  to  make  a  complete  list  of  all  materials  and  labor,  arranging  this  list  in  a  con- 
venient form,  using  methods  which  permit  this  to  be  done  with  the  least  amount  of  labor.  In 
making  this  list  it  is  necessary  to  consider  every  structural  member  in  the  building  from  the 
footings  to  the  roof  slab.  The  quantities  are  determined  by  carefully  '^ scaling ''  the  plans  of 
the  proposed  building.  These  estimated  quantities  are  then  priced  out  and  the  sum  of  the 
extended  totals  to  which  have  been  added  the  cost  of  superintendence,  liability  insurance, 
profit,  and  other  items  common  to  all  building  operations  will,  if  correctly  done,  represent  to  a 
close  degree  the  final  cost  of  the  work. 

2.  Estimating  Quantities. — Making  a  ''quantity  survey"  of  the  plans,  or  "scaling"  the 
plans  as  it  is  commonly  called,  is  the  first  step  in  preparing  an  estimate.  In  order  to  perform 
the  work  rapidly  and  with  the  least  possible  chance  for  error,  properly  ruled  stationery  is  very 
essential.  Paper  (8^^  X  1 1  in.)  ruled  similar  to  the  copy  shown  below  has  been  found  of  excel- 
lent design  and  its  use  is  recommended. 


Column  No.  1  is  the  "description"  column.  It  is  used  to  note  briefly  the  location  and  character  of  the  work 
being  scaled  in  order  that  future  identification  may  be  easily  made.  Column  No.  2  is  the  "times"  column.  In 
this  column  should  be  noted  the  number  of  pieces  or  duplicate  members  which  are  being  scaled  from  the  plans  as 
exactly  alike.  If  no  duplicate  pieces  are  shown  on  the  drawing,  this  column  is  not  used  and  it  is  understood  that 
but  one  member  or  unit  is  to  be  estimated.  Column  No.  3  is  the  "first  dimension"  column,  or  "length"  column. 
C<^umn  No.  4  is  the  "second  dimension,"  or  "width"  column.  Column  No.  5  is  the  "third  dimension,"  or 
"height"  column.  Column  No.  6  is  the  "quantity"  colunm  and  should  contain  the  extended  quantity  only. 
C<^umn  No.  7  is  the  "summary"  column  in  which  the  total  of  the  "quantity"  column  is  shown  reduced  to  the  unit 
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EttrriBr  foofings 
MtoSfincI 


3a.  Area  uid  Cub«. — At  the  beginning  of  each  e«limat« 
for  a  building  should  be  noted  the  square  foot  area  erf  the  floors  of  tlw 

building  and  the  cubical  contents  of  the  structure.  This  is  done  in 
order  that  the  eatimator  may,  with  practice,  Jcarn  to  judge  the  cert 
of  the  work  quite  closely  on  a  square  and  cube  foot  basis  before  the 
estimate  is  begun.  Practice  of  this  kind,  checked  up  after  the  nti- 
mate  is  completed,  will  bo  very  helpful  in  developing  the  estimator^ 
judgment.  In  considering  the  area,  the  floors  (including  baoementi} 
arc  measured  and  the  dimensions  arc  taken  "out  to  out."  librin- 
Btance,  the  areas  of  a  building  two  stories  high,  160  ft.  long,  and  60 
ft.  wide  should  appear  on  the  estimate  sheet  as  follows:  2X  160x60- 
19,200  sq.  ft.     The  cubical  contents  of  the  building  should  be  fiKurcil  from  the  same  length  uid 

width  dimensions  and  the  total  height  from  the  bottom  of  the  basement  floor  to  the  top  of  the 

roof  slab.     The  cubical  contents  or  "cube"  as  it  is  commonly  called, 

would  appear  as  follows:  160X60X  23?^  -  227,200  cu.  ft. 

2b.  Concrete— fiitertor     and    InUrior    Footings. — In 

"scaling"  the  quantities  of  a  concrete  footing  it  is  necesaarj  to  first 

determine  the  aniount  of  concrete  in  the  footing  by  tabulating  in  the 

proper  column  of  theeatimnte  sheet  the  dimensions  of  the  footing.     For 

example,     Fig.    1    represents    one    of    twenty-two    typical   exterior 

column  footings  for  a  reinforced  concrete  building.     First  describe  the 

footings  in  column  N'o.  1  as  follows:  footing  Xo.  lA  to  OA  inclusive, 

IB  and  9B,  IC  and   9C,   and  ID  to  9D  inclusive.     Next,  in  column 

No.  2  note  the  number  of  footings  which  are  alike  (in  this  cose  22). 

In  the  "length"  column,  note  the  length  of  the  lower  block  (5>i  ft.), 

following  with  the  width  and  height  dimensions  (4J-^  ft.  and  1>6  ft.,  re- 
spectively).    Thus  the  concrete  contained  in  the  lower  blocks  of  these 

22  footings  is  tabulated   aa  ^-ZXBj-iXiliXlH-     On  the  line  below 

should  be  tabulated  the  upper  block  of  the  fooUn;^  which  will  appear 

22X4X2JfaXl.     Thesealingoftho  quantities  in  the  interiorfootings 

(I^g.  2)  is  handled  in  the  same  way  and,  when  properly  tabulated  on  the  estimate  sheet,  a; 

as  follows: 


"J" 

"      " 

?r 

■lih 

12  Ji 

U- 

,-.|J 

-9-^  k--'^-.~      \ 

\'Swx. 

if- 

_J4.J 

^J4  - 

"TT 

± 

bhid 

f  - 

-^r-ff-f-'-     -     -^ 

This  complctesthe  "scaltng"of  thcconcrctcin  thufootings.  Itwillnotbe  neeeaaary  to  refer  to 
the  plans  again  in  order  to  get  the  form  quantities  in  connection  with  these  footings.  Tliia 
will  be  explumed  later  on  under  "Fonnwork." 
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Foundation  Walis. — Uader  this  heading,  generally 
Hpeftkiog,  should  be  included  all  concrete  walls  below  grade. 
In  scaling  such  walls  the  quantity  scaled  should  include 
all  concrete  above  grade  which  can  be  correctly  classed  as 
a  part  of  the  foundation  wall.  For  example,  a  cellar  wall 
may  extend  a  foot  or  more  above  grade  before  reaching  the 
level  of  the  first  floor,  yet  the  part  above  grade  will  be 
classed  as  foundation  wall  along  with  the  part  of  this  wall 

which  is  built  below  the  grade  level.  It  is  the  usual  practice  to  ini'lude  under  the  heading  of 
"Foundation  Walls"  all  the  concrete  walls  which  are  below  the  level  of  the  first  floor  and  includes 
area  walls,  pit  walls,  etc.  Fig.  3  represents  a  cross  section  and  plan  of  the  foundation  wall  ex- 
tending around  a  roinforced  concrete  building  having  a  length  of  160  ft.  and  a  width  of  60ft. 
In  scaling  the  quantity  of  concrete  in  this  foundation  wall  the  sections  or  pieces  of  wall  should  be 
considered  by  elevation  as  follows: 


the  order  of  length,  width,  and  heicht.  Neit  the  eaal  < 
caae  ol  the  enda.  in  order  to  avoid  doublins  the  amount  c 
■tead  ol  the  outaide  -'overall"  dimeneioD,  Tbia  dime 
(BO-IH).     The  ronciete  in  the  two  plera  or  pilaatera  ia  n 


o  the  I 


The  oorth  wall  ia  Bcalsl  ai 
limilar  to  the  eaat.     The  concrete  in  the  <  comer  piers  ia  then  added  and  the  icalint  for  the  founda- 

Exterior  and  Interior  Columns- — Fig.  4  represents  a  part  cross  section  showing  the  typical 
exterior  columns  of  a  building  160  ft,  long  and  60  ft.  wide.    Aasuroing  these  typical  columns  to  be 
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spaced  20  ft.  apart,  there  will  be  18  such  columiu  in  the  building  and  4  comer 
waling  of  the  quantity  of  concrete  in  these  columns  will  appear  aa  follom: 


tBM.t-> 
Tlie 


Following  through  this  scaling  we  have  in  the  "timee"  column  the  nuniber  18^  which  &o- 
notes  the  number  of  typical  exterior  columns  in  each  story.  In  the  next 
three  columns  of  the  estimate  sheet  are  found  the  lei^h,  width,  and 
height  respectively  of  the  columns  being  scaled.  Each  of  the  tour  cor- 
ner columns  has  both  exterior  faces  of  the 
same  dimension,  but  the  inside  comer  is 
notched  out.  This  complicates  the  expres- 
sion representing  the  cross-section  al  area 
of  this  corner  column,  which  is  set  down  in 
the  "length"and  "width"  columns  of  the 
estimating  sheet.  This  expression  con- 
sists of  two  parts.  The  6ret  part  repre- 
sents a  rectangular  column  and  the  second 
part  represents  the  area  of  the  notched 
portion  of  the  column  which  is  to  be  do- 
l^^^jftj^c  ducted  from  the  larger  area.  Comer 
,  j-.»-  ,|  columns  or  irregular  columns  should 
-,  always  be  scaled  in  this  manner.    The 

second  story  columns  are  scaled  similar 
to  the  fiiBt  story  columns  above  discussed. 
As  the  concrete  braclncls  only  remain  to 
be  scaled  it  is  necessary  to  count  up  the  i^a.  6. 

number  of  bracltets  and  to  deteraiine  the 

approximate  number  of  cubic  feet  of  concrete  in  one  bracket.     This  completes  the  i 

concrete  in  the  exterior  columns. 


Tbs  ■esUos  tor  the  interior  < 
•quue.  SuppoH  Fif.  5  rrpisen 
14  auM  eohimns.     Tb*  icallDc  (o 


ana  in  s  aimiUr  manoar,  unlcaa  tbcy  happen  to  b«  round  imtasil  of 
iterioT  Gnt  and  aerond  atoiy  column  of  ■  buildini  in  which  thas*  ■!• 
•t  tUay  ind  14  atcond  itory  columna  would  apptoi  aa  loUom: 


Id  icaltni  the  interior  columna  tha  aacoud  column  on  Ih«  eatimi 
mambara  txing  aeaied  (14  in  thia  caaa).  Aa  tb<a«  intiirior  columiu  a 
and  "iridtb"  columna  exactly  aa  ouUlncd  at  tha  iMciiinini  of  thia  chapter.     Thcaa 


luid  conUin  th*  Dumber  d  idalkl 


Sk.  S-2b] 
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howBTa.  ficima  which  ripcwtat  tlw  now  ueUaaal  mm  of  ths  column.  It  ■■  beat  to  da  tlua  br  nOtlDC  th*  dlsm- 
■tar  o<  th*  eohuDD.  HulcKlns  Hma  in  panatheak.  Imsudiately  tollovina  ■hould  be  aoted  in  iqiun  fsat  the  niim 
■■etiouJ  ana  of  thaeolumn.  Th*  "h<d(ht"  colamn  ahsuld  eon  tain  th*  Isngth  of  the  Di«nib«r  [rom  Boor  to  the  laval 
of  the  bottom  of  diop  puid.  Naitii  noted  in  the"  time*  "  cdumo  the  Bumber  of  column  bead*  (uiually  thaaame 
aa  the  number  of  column*)  and  In  th»  "lenith"  and  "width"  eolumna  the  approximate  numb«r  of  oubie  feet  of 
eonn«te  in  the  head  which  ia  in  aiiieaa  of  tha  ahalt  already  Haled.  The  aimilac  tabulation  of  the  nppo  atorr 
oolumna  eomplatea  Ha  ftcatlD^  of  Interior  column  eonoreta. 

Floor  Slob*  and  Roof  Slab. — Scaling  the  quandty  of  eoocrete  in  floor  and  roof  slabs  is  TOy 
simple.  Ab  in  sc&liug  the  concrete  for  beams  and  eolumna,  the  dimensions  should  be  token  off 
in  the  order  of  length,  width,  and  height.  For  instance,  suppose  it  is  necessary  to  scale  the 
concrete  in  the  second  floor  slab  and  roof  slab  of  a  reinforced  concrete  building  160  ft.  long  and 
60ft.  wide.  Thesecond  floor  slab  is  7^  in.  thick  and  the  edge  of  the  slab  is  set  back  2  in.  from 
line  of  face  of  building.  There  is  a  st«ir  well  opening  in  the  slab  18}^  ft.  long  and  10  ft.  wide^ 
The  roof  slab  is  6  in.  thick  and  baa  no  opening.  The  quantities  of  concrete  would  appear  as 
follows: 


■■ 


l\\\ 


S?5!" 


It  will  be  found  in  firat  practice  that  It  ia  the  natural  tmAeney  to  put  down  tbe  tbickneaa  of  the  atab  in  tha 
"width"  column  inatead  ot  in  the  lait  or  "height"  column.  Thia  tendency  wilt  be  quickly  overoome  if  the 
atimator  mnwmbcn  that  whether  It  i»  beam,  oolumn,  or  floor  alab.  the  order  of  icaling  dimenalona  of  concrete  ihould 
alwaya  be  lenith,  width,  and  heitht.  The  thicknen  of  the  alab  ia  a  vary  important  dimeniion  and  ahould  b* 
accurately  Ubulated  on  the  stimate  aheet.  If  the  alab  thickneaa  if  SH  in.,  the  [raction  Ubulated  la  the  "bal(bt" 
cidumn  ihould  be  *Hi.  Thia  »  one  of  the  very  f  ew  lnatanen  which  occur  inaoalina  concrete  wodc  when  fnottaa* 
bavins  denominator*  larter  than  12  are  recommended. 

Drop  Panelt. — ^Drop  panels,  which  occur  over  the  colunm  heads  of  flat  slab  designs  should 
be  considered  as  small  floor  or  roof  slabs  when  being  scaled  for  estimate  purposes.  The  quantity 
of  concrete  in  the  drop  panels  shown  under  the  floor  alab  and  roof  slab  in  Fig,  6  would  appear 
on  the  estimate  sheet  as  shown  below. 


BftMltiHi^ 


Wall  Beamt. — Under  the  heading  "Wall  Beams,"  must  be  included  the  ourtain  walls, 
parapet  beams,  and  other  similar  structural  membets.  In  Fig.  4  is  shown  a  typical  wall  beam 
and  parapet  beam  in  a  building  160  ft.  long  and  60  ft.  wide.  The  exterior  colunms  are  20  ft. 
apart.    Tlie  concrete  in  the  wall  beams  and  parapet  beams  will  appear  as  follows: 


Tha  eipreadoo  within  the  brace*  repmenta  the  tMal  afltoal  lentth  of  wall  beam.  Within  the  brace*  we 
aipnaaion*,  the  Gnt  ancla*ed  in  brackata  and  the  laat  in  parenlheaii  only.  The  Gnt  of  thcae  reproenti 
of  the  buildina  and  theaecond  the  .total  lenith  of  column  face*  which  ehould  be  deducted  from  thept 
In  ocdar  to  arrive  at  tbe  actual  total  length  of  wall  beam.  The  parapet  1*  *ealed  In  a  aimilar  manner  bu 
nade  except  for  orarlapplns  comen.     It  wiQ  be  found  that  erron  will  be  avcdded  it  wall  ba 
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Interior  Floor  Beams. — Interior  floor  beams  are  usually  sealed 
Vr~Bm'^-^'^^]S      ^7  simply  noting  in  the  "description"  column  the  location  or  index 
T R.-'lWt'Ji^: ' ' T       number  of  the  be&m  or  heama.     The  "timeo"  column  should  con- 
tain the  number  of  identical  beams,  and  the  "length,"  "width,"  and 
"height"  columns  should  be  used  according    \o   rulings  set  forth 
throughout  the  preceding  pages  of  this  chapter.    The  height  of  a 
beam  should  always  betaken  exclusive  of  theslab  thickness.     Bcttms 
around  stairopeninga  should  be  treated  in  the  same  way  except  that 
sketches  of  the  cross  section  of  the  beam  should  usually  be  made  in 
the  "description"  column  as  s  help  in  determining  the  form  work  m 
explained  later  on  under  "Formwork  for  Beams."     For  instancy  if 
'ehave  two  stair  well  beams  asahown  in  Fig.  6  thequan  titles  of  concrete  would  appear  as  follows: 


- 

- 

- 

- 

- 

- 

- 

— 

- 

- 

~A 

-A 
S 

^7"'$ 

■ 

h 

1 

hk 

• 

^^1 

1 

Farlittont, — Concrete  partitions  are  scaled  in  the  same  manner  as  interior  concrete  bauns. 
In  the  "description"  column  should  benotedthe  approximate  location  or  character  of  the  parti- 
tions and  the  remaining  columns  of  the  estimate  sheet  are  to  be  used  as  hereinbefore  set  forth, 
always  bearing  in  mind  that,  in  this  case,  the  thickness  of  the  partition  is  the"  width"  orseoond 
dimension  scaled.  The  concrete  quantities  appear  below  for  the  6-in.  concrete  partitions  shown 
in  Rg.  6  and  occurring  on  the  firat  and  second  Boon  of  a  building  having  a  story  height  of  about 
11  ft. 
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Window  SiUa  and  Cojringt. — Concrete  window  sills  and  copings  are  scaled  by  the  linear 
foot  and  in  taking  off  the  quantity  of  each,  the  work  proceeds  by  elevations.  For  instance,  in 
the  "description"  column  should  appear  the  words  "south  elevation"  after  which  should  ap- 
peal in  the  "times"  and  "length"  colunms  the  number  and  length  of  the  windowsillsor  coping 
on  the  south  elevation.  The  east,  north,  and  west  elevations  should  then  be  considered  in 
turn.  A  cross-«ectional  sketch  or  notation  as  to  size  of  sill  or  coping  should  be  made  in  the 
"description"  column,  as  a  help  in  determining  the  correct  unit  price  per  linear  foot  when 
the  work  of  pricing  the  estimate  is  to  be  done.  The  following  illustrates  the  proper  method  <d 
scaling  window  sills.  Should  concrete  copings  occur  on  top  of  brick  parapet  walla  similar 
methods  should  be  observed. 


s«c.a-2b] 
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Stairt  and  Landingt. — Fig,  7  represents  the  flight  of  reinforced  concrete  stain  shown  in 
Fig.  6.  In  order  to  "ac&le"  the  stain  it  is  necessary  to  count  the  number  of  nosings  (IS  in 
this  case),  snd  set  the  number  down  in  the  "length"  column.  The  "width"  column  should 
contain  the  length  of  each  aoaing  from  wall  to  outer  edge.  The  product  of  the  two  dimensions 
will  give  the  linesf  feet  of  nosing  which  should  be  talcen  as  the  standard  of  measure  for  eoa- 
crete  stairs.  The  landings  are  measured  b;  the  square  Foot  and  the  landing  beams  may  be 
Defected,  as  in  pricing  out  the  cosh  of  the  landing  per  square  Foot,  proper  allowance  is  made 
for  the  astra  cost  of  the  landing  beam.     The  thickness  of  the  landing  slab  may  also  be 


Section  Through  Stair! 


neglected  as  in  the  case  of  the  stairs.  Concrete  stairs  and  landings,  unless  of  special  design, 
may  be  considered  in  this  manner  without  appreciable  error  in  cost  estimating.  Below  is  given 
the  proper  scaling  of  thet»>ncretestairs  and  landing  shown  in  Figs.  6  and  7. 
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Pamng. — Concrete  paving  is  a  term  applied  to  anunreinfoTced  concrete  slab  mting  on  earth 
fill,  such  aa  abasement  floor  or  the  first  floor  of  a  building  wherenobasementis  called  for.  In 
scaling  the  quantity  of  concret«  in  a.  concrete  paving  the  same  rules  are  observed  as  laid  down 
for  a  concrete  slab.  The  concrete  in  a  piece  of  paving  5  in.  thick  and  160  ft.  long  by  60  ft. 
wide  woidd  appear  on  the  estimate  sheet  as  follows: 


Onaulilhic  Finith. — Scaling  the  quantity  of  granolithic  finish  in  a  building  is  done  at  this 
■tageof  the  estimate  because  the  surfaces  having  granolithic  finish  applied  tothemhavealreftdy 
been  scaled,  and  it  is  simply  a  matter  of  referring  to  previous  dimensions  in  order  to  deteiminethe 
quantity  of  granolithic  finish  required.  For  instance,  if  the  second  floor  slab  previously  scaled 
n  to  be  finished  with  a  granoUthic  finish  of  the  "laid  after"  type,  and  on  the  paving  above  an 
integral  granolithic  finish  is  called  for,  the  granolithic  finish  dimensions  would  appear  on  the 
eatimate  sheet  as  follows: 
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Cafhorundian  RtMrittg. — The  area  of  the  auifftoes  to  be  treated  with  cuboninvdum  rubbing 
OKU  be  more  easily  detenmned  if  left  until  the  formed  surfacea  have  been  detemuned.  This 
will  be  taken  up  in  another  part  of  the  chfqrter. 

Sc.  Ponnwork. — If  the  foregoing  rulea  have  been  carefully  followed  in  regard  to 
Boaling  concrete,  the  work  of  determining  the  anunint  of  formwork  neceesar;  to  motild  the  con- 
crete may  be  very  easily  done  with  practically  no  further  reference  to  the  drawings,  and  at  Uie 
same  time  the  reeulte  are  accomplished  in  the  least  poseible  time.  In  writing  out  the  form  di- 
menuons  it  ia  neceesary  to  refer  to  the  concrete  dimensions  and  copy  such  figures  as  will  give 
the  formed  surfaces.  As  but  three  columns  of  the  estimating  sheet  are  needed  in  tabulating 
the  dimensions  for  formwork,  the  second  or  "times"  columnisleftblank  and  the  remaining  three 
columns  used  for  this  work.  Very  little  "description"  is  needed  in  writingout  formwork  dimen- 
sions, since,  in  order  to  learn  the  character  of  theworicformed,  it  is  necessary  only  to  turnback 
to  the  concrete  scaling  corresponding  to  the  formed  surfaces  in  question.  Enough  description 
should  be  given  in  the  "description"  column  to  make  it  easy  to  identify  the  form  dimensiooa 
with  the  concrete  scaling. 

Forvu  for  Exterior  and  Interior  Footings. — The  form  dimensions  for  the  concrete  footings 
as  scaled  from  Fig.  2  are  shown  properly  written  out  below. 
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Tha  firat  number  vritMn  out  1*  33  uid  repnwnto  tha  numba  ol  footinfi  bant  formed.  Tba  Meond  dimaiMlaB 
!■  lOM  "kI  repmenU  the  perimeter  dl  the  lower  block.  The  third  dimenuon  ii  l)i  knd  reprtaenta  the  heicht  is 
feet  ol  the  lower  block.  On  the  oeit  line  below  oooni  the  dimeniioni  of  the  formed  eurfuea  of  the  oppa 
blockot  the  exterior  footlnc*  treated  ID  tbeumaouiBnac.  The  intfriorroolinsaaretreatedlntheMmeway.  Tba 
product  of  theee  flsurea  ai  abowD  will  five  the  aurfacea  at  ooDorete  in  the  {ootinsB  which  mmt  be  provided  wilk 

Pofm»  for  Foundation  WaJii. — In  scaling  the  forms  for  foundation  walls  it  must  be 
remembered  that  both  sidee  of  the  wall  are  to  be  formed,  hence  the  first  figure  written  down  must 
be  the  figure  2.  The  figures  shown  below  represent  thecorrect  tabulation  of  theform  di 
for  the  concrete  foundation  wall  as  scaled  from  fig.  3. 
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Pint  (he  ficme  3  denote*  tbat  two  ddet  are  fi 
formed,  and  laat  the  beiffat  of  the  formwork.     Both  tt 

plele  the  louadation  wall  forma.  The  comer  pien  • 
oeflected  in  writins  out  the  form  dimenaiona.  Fori 
thii  la  uaually  added  to  the  foundation  wall  forma. 

Fomu  for  Ed^rior  and  Interior  Columns. — In  writing  out  the  form  dimensions  for  extatiur 
columns  and  other  rectangular  ornotched  columns,  thesame  rules  are  followed  as  have  been  laid 


y  to  add  only  the  lurfaree  of  the  ed(ea  of  tha  plara  (o 
muBt  be  provided  for  the  edse  ol  the  pavlns  ennaat 
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down  for  footing  forms.  There  are  but  three  dimensions  or  numbers  to  write  down  on  the 
estimate  sheet,  vii.,  number  of  columns,  perimeter  of  column,  and  height  of  the  surface  formed. 
These  dimenaions  may  be  taken  directly  from  the  concrete  acaling. 

n  uauftlly  aitdt  of  thtti  itwl  or  iron  ftod  iut««]  of  detflrmlii- 
.  the  Dumber  of  columiu  formnl,  the  diameter  uut  the 
-minKl  by  limply  liitinc  llie  numbR-  of  bncketi  tod 
he  approilDiKte  number  □(  iquire  (eet  ia  one  bncket.     The  formed  lurfsca  of 
kept  lepHatB 
found   the  form  dimi 
4  kiidfi. 


Formt  for  Floor  SUAs  and  Roof  Slab. — In  writingout  the  forms  for  flat  slabs  it  is  only  neces- 
sary to  determine  the  area  of  the  slab.  The  length  and  width  dimensions  of  the  slab  are  taken 
directly  from  the  scaled  dimenaions  of  the  concrete  without  reference  to  the  plans.  The  areas 
of  the  bottoms  of  the  drop  panels  should  be  deducted  by  referring  to  the  scaling  of  the  concrete 
in  the  drop  panels.  If  the  slab  forms  are  for  the  beam  and  girder  type  of  floor,  the  area  of  tha 
slab  is  determined  as  above  and  then  the  beam  bottoms  are  deducted  from  the  slab  areas.  To 
deduct  the  beam  bottoms  it  is  necemary  to  refer  to  the  scaled  dimensions  of  tbefloor  beams  and 
girders  and  select  the  dimensions  which  represent  the  bottom  surfaces  of  all  beams  occurring  in 
the  floors.  Deductions  for  openings  are  made  from  form  quantities  only  when  the  area  equals 
or  exceeds  26  sq.  ft,  and  then  the  full  opening  should  not  be  deducted  as  an  allowance  must  be 
made  for  the  formwork  required  to  form  theconcreteat  the  edgeof  the  opening.  The  forms  for 
the  concrete  floor  and  roof  slab  scaled  on  p.  1019  have  been  properly  writtenout  below  andcom- 
parisons  should  be  made  with  the  concrete  scaling  in  order  to  fully  understand  the  method. 


J 

i; 
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Forms  For  Drop  Panels. — Drop  panels  arc  part  of  the  floor  slab  concrete  and  as  the  areas 
of  the  bottoms  of  the  drop  panels  have  been  deducted  from  the  floor  slab  it  is  necessary  to  add 
this  area  back  again  under  this  heading.  The  formed  areas  of  the  edges  should  also  be  added 
to  the  area  of  the  bottoms.  No  deduction  is  made  for  the  opening  in  the  bottom  of  the  drop 
panel  form  where  the  column  head  joins  the  drop  panel.  The  dimensions  written  out  below 
represent  Uu  formed  areas  of  the  concrete  in  the  drop  panels  as  scaled  from  fig.  5. 
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Forms  For  Wall  Beams. — To  properly  wnte  out  the  forma  for  wall  beama,  curtain  wall^ 
parapet  beams,  etc.,  it  is  necessary  to  observe  the  rules  laid  down  for  foundation  walls.  Balk 
aides  are  formed,  hence  the  necessity  of  the  figure  2  appearing  before  the  dimension  reprcMntins 
the  linear  feet  of  wall  beam.  The  height  of  a  wall  beam  is  fl];ured  from  the  inside  vertical  hei^it. 
Aa  this  leaves  the  outside  edge  of  the  floor  slab  without  forma,  it  ia  neceasary  to  add  an  area 
of  formed  surface  equal  to  the  perimeter  of  the  building  multiplied  by  the  thickneas  of  the  floor 
slab.  This  takes  account  of  all  exposed  surfaces  to  be  formed  except  the  projecting  sides  of 
the  concrete  in  the  columns  at  the  floor  level  for  a  height  equal  to  the  thickness  of  the  floer 
slab  only.  This  is  so  small  that  it  may  be  neglected.  The  forms  for  the  parapet  are  writtes 
out  following  the  same  principles  as  outlined  for  wall  beams.  The  forms  for  the  wall  beams  and 
parapet  in  Fig.  4  have  been  properly  shown  below  and  comparisons  with  the  correqMmding 
concrete  scaled  from  Fig.  4  should  be  made. 


Fonra  For  InlerioT  Floor  Beanu. — If  no  sketches  appear  in  the  "description"  column  of  the 
Ecaling  of  the  concrete  in  the  floor  beams,  it  is  assumed  that  a,  slab  of  uniform  thickness  rests 
upon  the  beams.  The  number  of  beams  and  length  of  the  beams  arc  flrst  written  down  as  ft« 
other  concrete  members  of  similar  structure.  As  the  scaled  {limcnsion  of  the  beam  height  ii 
taken  to  the  bottom  of  the  slab  only,  it  is  quite  simple  to  compute  mentally  the  sum  of  the  two 
side  dimensions  plus  the  bottom  dimension.  This  represents  the  formed  area  of  one  linesr 
foot  of  beam  and  should  be  written  down  in  the  fourth  or  "width  "column  of  the  estimate  sheet. 
The  product  of  these  dimcnaiona  will  give  the  area  of  the  formed  surfaces  of  the  interior  floor 
beams.  If  accompanying  sketchea  show  that  other  formwork  is  necessary  to  completely  form 
the  beam,  proper  additions  should  be  made  to  take  care  of  this  work.  The  formed  surfaces  of 
the  concrete  as  acaled  in  the  floor  beams  shown  In  Pig.  6  are  somewhat  irregular  as  they  occur 
at  stair  openings.     The  quantities  of  this  formwork  appear  below. 
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Form*  For  ParUtiont. — In  writing  out  the  formed  areas  of  concrete  partitions,  the  saim' 
rules  are  observed  as  for  other  wall  forms.  Openings  are  not  deducted  unless  the  area  of  the 
opening  equals  or  exceeds  25  sq.  ft.  The  formed  areas  for  the  concrete  partitions  shown  in  Hg, 
6  are  given  below. 
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Form*  For  Windoto  SiUa,  Copingt,  Slain  and  Landingi. — No  formed  areas  are  computed 
for  window  sills,  copings,  stairs  and  landings  aa  the  unit  price  appearing  opposite  the  summarised 
quantity  of  concrete  is  made  up  to  include  the  coat  of  formwork  and  reinforcement  as  well  U 
concrete,  hence  the  forma  are  not  written  out. 

Formed  Surfaces — CaThoTvndum  Rubbed. — Referring  back  to  the  auhject  of  carborundum 
rubbing,  since  the  form  dimensions  are  written  out,  it  is  very  simple  to  determine  the  squaitt 
feet  of  surface  to  be  rubbed.     This  may  be  done  very  quickly  by  picking  out  from  the  fonaed 
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areas  the  surfaces  which,  according  to  specification,  must  be  treated  in  this  manner.  It  will 
be  found  most  convenient  to  leave  the  work  of  determining  the  area  of  concrete  surfaces  to  be 
rubbed  until  after  the  extension  of  the  form  dimensions  has  been  completed.  The  surface 
measurements  of  all  formed  surfaces  will  then  be  found  in  the  ''quantity"  column  reduced  to 
square  feet,  and  the  total  area  of  the  rubbed  surfaces  may  be  quickly  determined. 

2d.  Reinforcement. — Scaling  the  quantity  of  reinforcement  in  a  concrete  build- 
ing is  a  process  by  which  the  tonnage  of  steel  bars  is  obtained.  It  is  not  necessary  to  make  a 
schedule  of  the  bars  in  the  entire  building,  as  it  means  a  large  amount  of  tedious  work  and  in 
the  end  the  same  result  ia  obtained.  Footing  reinforcement  is  usually  scaled  by  listing  the 
size  of  the  bars  first,  then  the  number  of  bars  needed,  and  finally  the  length  of  the  bar  itself. 
Oftentimes  it  will  be  found  convenient  to  compute  the  number  of  pounds  of  reinforcement  in  a 
footing  and  then  multiply  by  the  number  of  footings.  Reinforcement  in  foundation  walls 
may  be  figured  at  the  number  of  pounds  per  square  foot  of  wall.  Column  reinforcement  is 
usually  taken  off  the  plans  in  detail,  listing  the  size,  number  of  bars,  and  the  length  of  the 
bars  in  the  regular  order.  Slab  reinforcement  is  almost  always  computed  on  the  square  foot 
basis  and  all  beam  reinforcement  by  the  number  of  pounds  per  lineal  foot  of  beam.  Curtain 
wall  and  partition  reinforcement  is  computed  by  the  number  of  pounds  to  a  square  foot  of 
reinforced  surface.  In  computing  reinforcement  on  the  square  foot  and  lineal  foot  basis,  care 
must  be  taken  to  allow  for  all  secondary  steel,  laps  for  bond,  stirrups,  construction  bars,  waste, 
etc.  It  will  require  careful  practice  in  order  to  scale  reinforcement  accurately  by  this  method, 
but  once  thoroughly  understood,  it  will  be  found  a  very  reliable  and  rapid  method.  The  rein- 
forcement is  listed  in  the  same  order  as  the  forms  and  the  different  types  may  be  easily  grouped 
for  pricing. 

2e.  Excavation — General  or  Steam  Shovel  ExcavaHon, — General  excavation  is 
the  term  applied  to  the  process  of  removing  the  earth  for  basements,  or  cutting  down  the  grade 
to  the  paving  level.  General  excavation  does  not  include  the  excavation  for  the  footing 
holes  below  the  paving  level  or  other  small  excavated  areas  where  hand  work  entirely  must 
be  used.  Steam  shovels,  scraper  diggers,  or  hand  work  may  be  used  in  general  excavation 
and  when  the  quantity  is  scaled  for  estimating  purposes,  notation  should  be  made  of  the  prob- 
able method  to  be  employed  in  doing  the  work.  In  scaling  the  dimensions  for  general  excava- 
tion the  order  should  be  the  same  as  for  scaling  concrete  work,  viz.,  length,  width,  and  height, 
and  should  be  written  down  in  the  proper  colmnns  of  the  estimate  sheet.  Proper  allowance 
should  be  made  for  slope  of  the  earth  work  outside  of  the  exterior  footings  when  the  length 
and  width  dimensions  are  scaled.  If  the  general  excavation  is  done  by  hand,  vertical  sheeting 
may  be  used  instead  of  excavating  to  a  slope.  All  these  conditions  should  be  noted  iu  the 
''description"  column  when  the  scaling  is  done. 

Footing  ExcavaHon, — The  labor  of  removing  earth  for  footing  holes,  pits,  trenches,  etc., 
is  nearly  always  done  by  hand  and  should  be  described  on  the  estimate  sheet  as  "Footing 
Excavation."  In  scaling  the  quantities  for  footing  excavation  the  nature  of  the  soil  to  be 
removed  should  be  noted  as  well  as  the  location  of  the  footing  hole  in  respect  to  the  plans.  Foot- 
ing holes  excavated  to  a  depth  exceeding  4  ft.  should  be  scaled  net,  that  is,  add  but  6  in.  to  the 
length  and  width  dimensions  of  the  footing  for  the  size  of  the  excavated  hole.  This  allows  for 
the  thickness  of  the  sheeting  lumber  generally  used  in  connection  with  footing  excavation 
exceeding  4  ft.  but  not  exceeding  10  ft.  in  depth.  In  scaling  footing  excavation  when  the 
depth  is  less  than  4  ft.,  no  sheeting  is  used  but  proper  allowance  is  made  in  scaling  dimensions, 
to  allow  for  the  slope  of  the  earth  work.  When  sheeting  is  used  for  footing  excavation  the 
sheeting  usually  serves  as  formwork  for  the  lower  block  of  concrete  in  the  footing. 

BackfiU, — Backfill  is  a  term  applied  to  the  labor  of  rehandling  excavated  material  after 
the  footings  have  been  placed  and  it  becomes  necessary  to  fill  in  aroimd  the  footing,  wall,  or 
other  foundation  work.  This  quantity  usually  equals  the  amount  of  earth  removed  in  excavat- 
ing for  the  footing,  as  the  amount  of  earth  which  is  left  after  the  footing  hole  is  properly  back- 
filled must  be  rehandled  and  disposed  of  in  some  other  way.  Where  the  earth  work  is  a  large 
part  of  the  job  operations,  the  backfill  and  general  disposition  of  excavated  material  should  be 
carefully  coomdered. 
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Sheeting. — As  the  form  dimensions  are  written  out  from  the  scaled  Him<Miiyi4>ng  of  the 
concrete  work,  so  are  the  sheeting  dimensions  written  out  from  the  scaled  Himi>n^i^nB  of  the 
excavation.  Sheeting  is  estimated  by  the  square  feet  of  surface  measurement  of  earth  retained. 
No  allowance  is  made  for  the  distance  the  sheeting  penetrates  the  ground  below  the  bottom 
of  the  excavated  hole  or  for  the  distance  above  the  top  of  the  earth  work  retained. 

2/.  Masonry — Brick  Work. — Brick  work,  where  more  than  4  in.  thick,  if 
estimated  by  the  cubic  foot.  In  order  to  determine  the  cubic  feet  of  brick  work  in  a  wall, 
the  dimensions  are  scaled  in  the  same  manner  as  outlined  for  ''Concrete  Partitions."  In 
scaling  the  brick  work  in  the  exterior  walls  of  a  building,  the  work  should  be  done  by  elewtkuii 
and  adequate  description  given  to  make  it  easy  to  check  over  the  work  to  see  if  any  ]>ait  has 
been  omitted.  The  quantities  should  contain  the  actual  number  of  cubic  feet  of  brick  work 
to  be  built  and  no  more.  All  openings  should  be  deducted  exactly  as  they  are  shown  and  no 
allowances  made  in  the  quantity  to  take  care  of  work  which  may  be  more  or  less  expensive  to 
construct  than  the  average  unit  price  will  pay  for.  After  the  actual  cubic  feet  of  brick  worii 
in  a  building  is  determined,  the  unit  price  should  then  be  made  up  to  correspond  with  the  daai 
of  work  to  be  built. 

Brick  Veneer. — Brick  veneer  is  usually  laid  up  4  in.  thick  and  is  so  noted  in  the  "description" 
column  together  with  other  notations  regarding  the  character  and  location  of  the  woric.  As 
brick  veneer  is  estimated  by  the  square  foot  in  scaling  the  quantity,  it  is  necessary  to  determine 
the  length  and  height  only  of  the  work,  using  columns  No.  4  and  No.  5  in  which  to  write  down 
these  dimensions.  The  work  should  proceed  by  elevations  as  in  the  case  of  scaling  other  clasMS 
of  brick  work. 

Terra  CoUa  Partitions. — Partitions  built  from  hollow  terra  cotta  blocks  are  estimated  by 
the  number  of  blocks  laid  up  in  a  wall.  As  nearly  all  hollow  terra  cotta  blocks  have  a  face 
measurement  of  one  square  foot  each,  the  number  of  blocks  in  the  terra  cotta  wall  corresponds 
to  the  number  of  square  feet  in  the  face  of  the  partition.  In  scaling  the  square  feet  of  terra 
cotta  partition,  it  is  necessary. to  observe  the  same  methods  as  were  laid  down  for  scaling 
"Concrete  Partitions."  Notation  should  always  be  made  in  the  ''description"  column  regard- 
ing the  type  of  block  specified  and  the  thickness  of  the  partition.  All  deductions  should  be 
accurately  made.  It  may  be  stated  here  that  the  mortar  joints  in  the  work  offset  the  usual 
breakage  of  the  blocks  in  transit  and  no  allowance  therefore  need  be  made  for  either  mortar 
joints  or  breakage. 

2g  Plastering. — Plastering  is  measured  by  the  square  yard  of  surface  measure 
and  the  dimensions  making  up  the  quantity  are  usually  taken  directly  from  the  scaled  dimen- 
sions of  the  terra  cotta  partitions,  ceilings,  walls,  or  other  surfaces  in  a  manner  similar  to 
the  way  in  which  carborundum  rubbed  surfaces  arc  determined.  In  the  "description"  column 
should  be  noted  the  number  of  coats  called  for,  kind  of  cement  specified,  and  other  notations 
helpful  in  deciding  upon  proper  unit  prices. 

2h.  Steel  Sash. — In  estimating  steel  sash,  the  important  points  to  consider  are 
size  of  opening,  uniformity  of  size  and  type,  percentage  of  ventilation,  and  operation.  The 
"description"  column  should  contain  information  relative  to  all  these  points.  In  scaling  the 
sise  of  the  opening  the  number  of  identical  sash  should  first  be  listed  in  the  second  column  of 
the  estimate  sheet.  The  length  and  height  of  the  openings  should  follow  in  the  third  and 
fourth  columns  respectively.  The  sash  openings  should  be  scaled  by  elevations  as  by  this  method 
omissions  of  a  large  character  would  be  quickly  noted  when  the  dimensions  were  extended. 

2i.  Glass  and  Glazing. — After  noting  in  the  "description"  column  the  kind 
and  size  of  glass  specified,  it  is  a  simple  matter  to  determine  the  number  of  square  feet  of  glass 
required  to  glaze  the  sash.  For  estimating  purposes  it  is  sufficiently  close  if  we  assume  that 
90  %  of  the  sash  area  is  made  up  of  glass.  Therefore,  the  glass  required  is  usually  carried  out 
on  the  estimate  sheet  as  90  %  of  sash  area. 

2j.  Doors,  Frames,  and  Hardware. — In  listing  the  doors,  frames,  and  hardware 
in  a  building,  the  doors  should  be  considered  individually  or  by  types.  The  location  and  char- 
acter of  the  door  should  be  noted  in  the  "description"  column  together  with  notations  as  to 
frame  and  hardware.     In  writing  down  the  size  of  the  door,  the  width  should  be  first  con? 
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sidered  and  the  height  last.  For  instance,  a  door  2  ft.  8  in.  wide  by  6  ft.  8  in.  high  should 
appear  on  the  estimate  sheet  as  ^  X  ^.  The  number  of  doors  of  a  kind  is  written  down  in 
the  ''summary"  column  as  the  scaling  is  done. 

Ik.  l<igfat  Iron  Work  and  Miscellaneous  Iron. — No  special  ruling  can  be  set 
down  as  governing  the  scaling  of  light  iron  work  for  general  estimating  purposes.  The  estima- 
tor should  list  intelligently  all  such  material  and  at  the  same  time  endeavor  to  scale  the  dimen- 
sions in  a  manner  which  will  result  in  the  quantity  being  reduced  to  the  proper  basis  for  pricing 
out.  Pipe  hand  rails  should  be  in  lineal  feet,  safety  stair  treads  in  lineal  feet,  steel  inserts 
by  the  piece,  cast-iron  scuppers  by  the  piece,  and  curb  angle  guards  by  the  lineal  feet  at  so  many 
pounds  per  foot,  etc.,  etc  It  is  also  customary  to  carry  out  in  the  ''total"  column  a  certain 
sum  of  mon^  decided  upon  in  the  judgment  of  the  estimator  as  adequate  to  cover  miscella- 
neous iron  work  not  shown  or  called  for  on  plans  or  in  specifications,  but  which  invariably  must 
be  supplied  by  the  builder. 

2Z.  Roofing  and  Flashing. — The  roofing  dimensions  are  usually  taken  directly 
from  the  scaling  of  the  concrete  for  the  roof  slab.  This  is  generally  full  measure  as  the  parapet 
beams  reduce  the  roofing  area  slightly  below  the  slab  area  but  as  roofing  is  measured  in  units  of 
squares  (100  sq.  ft.)  the  result  is  quite  correct.  In  scaling  the  roofing  area,  it  is  first  necessary 
to  note  in  the  "description  **  column  the  kind  of  roofing  required  and  the  guarantee.  Flashings 
are  a  part  of  the  roofing  contract  and  should  be  scaled  immediately  following  the  roofing.  Base 
and  cap  flashings  are  estimated  by  the  lineal  foot  and  notation  should  be  made  of  the  kind 
of  metal  specified  together  with  the  number  of  inches  in  width  required  to  flash  one  lineal  foot. 
Metal  gravel  strip  should  be  scaled  in  the  same  manner.  Conductor  boxes  are  estimated  by  the 
piece  and  should  be  listed  in  the  "summary''  column  accompanied  by  proper  description. 

2m.  Painting. — Painting  of  walls  and  ceilings  is  measured  by  the  square  yard  and 
as  in  estimating  the  amount  of  carborundum  rubbing,  the  painted  surfaces  may  be  determined 
by  referring  to  the  extended  dimensions  of  the  form  areas  of  the  concrete  work.  Other  painted 
work,  such  as  brick  walls,  terra  cotta  walls,  etc.,  may  be  determined  readily  by  referring  to  the 
quantities  already  scaled  for  this  work  and  the  total  painted  areas  then  reduced  to  square  yards 
and  written  down  in  the  "summary"  column. 

Painting  steel  saah  and  doors  is  also  measured  by  the  square  yard.  To  determine  the  amount  of  painting 
on  the  steel  sash  and  doors  of  a  building,  refer  to  the  scalings  for  the  sash  and  doors  adding  together  the  flat  areas 
just  as  though  the  entire  areas  were  to  be  painted  like  a  door.  Double  this  area  as  doors  and  sash  are  painted  two 
sides.  Then  divide  this  amount  by  0  and  the  result  is  the  square  yards  of  painting  to  be  estimated,  and  should 
appear  in  the  "summary"  column  of  the  estimate  sheet. 

Painting  light  iron,  miscellaneous  iron,  etc,  is  usually  a  small  item  and  is  not  figured  on  a  square  yard  basis, 
but  rather  by  the  judgment  of  the  estimator.  The  amount  of  money  allowed  for  this  depends  entirely  upon  the 
misodlaneoas  iron  to  be  painted  and  each  job  is  considered  individually. 

2n.  Engineering,  Plans,  Etc — Sometimes  the  builder  is  called  upon  to  include 
in  his  estimate  the  cost  of  preparing  designs  and  plans  for  the  work  to  be  estimated.  The  per- 
centage of  cost  varies  with  the  type  of  building  and  the  skill  of  the  engineers  doing  the  work. 
Ordinarily  the  plans  of  a  regular  reinforced  concrete  factory  can  be  prepared,  from  the  surveys 
to  the  finished  drawings  and  details,  for  3  %  of  the  net  cost  of  the  completed  structure. 

2o.  Clean  Up  The  Job  At  Completion. — The  estimator  must  allow  a  sum  of 
money  sufficient  to  cover  the  cost  of  cleaning  up  the  job  at  completion,  removing  debris  from 
the  site,  washing  windows,  and  leaving  job  broom  clean. 

2p.  Liability  Insurance. — An  item  must  be  included  in  the  estimate  which  will 
cover  the  cost  of  carrying  liability  insurance  for  the  period  of  the  job.  The  rate  varies  in  differ- 
ent localities  and  with  different  contractors.  The  percentages  may  run  as  low  as  3  %  of  the 
amount  expended  for  labor  costs.  As  the  labor  expense  involved  in  constructing  a  regular 
reinforced  concrete  building  amounts  to  about  one-third  of  the  total  cost  of  the  building,  the 
amount  of  money  to  be  allowed  for  liability  insurance  premiums  is  easily  determined  when 
the  rate  is  known.  For  instance,  suppose  the  rate  is  6  %  of  the  labor  and  the  total  estimate 
amounts  to  $62,000  without  profit.  If  this  building  is  a  regular  reinforced  concrete  factory, 
the  labor  involved  would  be  about  one-third  of  $62,000  or  approximately  $21,000.    Com- 
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pitting  6%  of  $21,000  we  have  $1260.     The  amount  of  money  carried  in  the  estimate  for  lia- 
bility  insurance  premiums  could  well  be  taken  at  $1250. 

2^.  Watchman. — In  order  to  estimate  the  cost  of  employing  a  watchmaii  while 
a  building  operation  is  going  on,  it  is  first  necessary  to  determine  approximately  the  number 
of  weeks  required  to  construct  the  building.  This  decided  upon,  it  is  a  matter  of  oomputing 
the  expense  of  employing  a  watchman  for  this  length  of  time  at  a  proper  weekly  wage. 

2r.  Superintendence,  Job  Overhead,  Office  Expenses,  Etc. — Under  this  bead 
must  be  included  all  the  expense  attached  to  maintaining  a  job  office,  including  the  job  super- 
intendent. It  is  the  usual  custom  to  determine  the  amount  of  this  expense  for  one  week  and 
multiply  this  amount  by  the  number  of  weeks  this  office  must  be  maintained.  Under  the  head 
of  ''Superintendence,  Office,  Etc.,''  must  be  figured  the  wages  of  the  following  men:  job  super- 
intendent, time  keeper,  chief  office  clerk,  and  tool  boy.  On  specially  large  jobs  the  office  force 
will  consist  of  more  men  than  above  listed,  while  on  a  very  small  job  the  personnel  may  be  cut 
down  by  arranging  to  have  the  chief  clerk  act  as  timekeeper  in  connection  with  his  other 
duties.  The  cost  of  telephones,  stationery,  railroad  fares,  freight  on  supplies,  building  and 
dismantling  office,  etc.,  must  be  considered.  These  are  items  which  may  be  easily  estimated 
at  too  low  a  figure.  Proper  consideration  should  be  given  to  every  expense  entering  into 
this  item  if  the  estimate  is  to  be  an  accurate  one  in  which  allowance  has  been  made  for 
proper  and  competent  job  management. 

2a.  Sundries. — It  often  occurs  that  estimates  are  made  from  plans  not  com- 
pletely finished  or  from  poorly  prepared  drawings.  The  uncertainty  attached  to  making  esti- 
mates from  such  plans  makes  it  advisable  to  conclude  the  estimate  with  an  item  for  sundriei, 
the  amount  of  which  should  be  determined  in  the  estimator's  judgment  as  being  adequate 
to  protect  his  estimate  against  over-runs  due  to  his  having  omitted  some  work  implied  but  not 
shown  or  called  for.  The  amount  of  this  item  should  be  based  on  a  percentage  of  the  total 
estimated  cost  not  including  profit  and  usually  runs  from  2  to  5  %  according  to  the  condition  of 
the  plans.  It  is  very  seldom  an  estimate  should  be  prepared  without  any  allowanoe  for  over- 
runs due  to  unforeseen  conditions. 

2^  Profit. — The  percentage  of  profit  is  figured  on  the  total  cost  of  the  woik 
including  labor  and  material,  etc.  It  may  be  a  very  low  percentage  or  may  be  very  high,  de- 
pending entirely  on  the  basis  the  contractor  is  operating  his  business.  Eight  per  cent  is  consid- 
ered a  very  low  profit  and  the  contractor  must  do  a  large  volume  of  business  and  keep  his  job 
organization  \v^ell  employed  in  order  to  be  successful  at  this  rate.  Percentages  of  profit  will  run 
from  8  to  15  %  and  sometimes  higher.  For  ordinary  estimating  purposes,  10  %  may  be  assumed 
as  a  fair  profit  for  the  builder  of  reinforced  concrete  buildings,  unless  the  job  costs  will  run  under 
$50,000  total  cost,  in  which  case  12  %  profit  should  be  added  to  the  estimate. 

3.  Estimating  Unit  Prices. — The  two  principal  elements  which  constitute  unit  prices  in 
general  arc  labor  and  material.  In  order  to  arrive  at  a  correct  unit  price  for  a  certain  building 
operation  it  is  necessary  to  know  very  closely  how  much  labor  is  involved  to  perform  a  unit 
of  this  work  and  also  how  much  material  ^vill  be  required.  The  items  of  labor  and  material 
must  be  estimated  separately  and  then  combined,  comprising  as  a  whole,  the  unit  price  to  be 
used  in  the  estimate.  Every  step  involved  should  be  carefully  analyzed  and  correct  values  oal- 
culatcd  for  the  labor  and  material  in  each  step.  Unit  prices  which  have  been  intelligently 
prepared  in  this  manner  will  usually  represent  to  a  close  degree  the  cost  of  the  finished  work. 

The  unit  pricoe  given  in  this  chapter  are  based  on  the  labor  rates  and  material  costs  prevailing  in  New  1gw|[l^>*i| 
at  the  time  this  pai>er  was  prepared  (August,  1919).  As  unit  costs  vary  greatly  in  different  localities  and  with 
the  changing  markets  of  labor  and  material,  the  unit  prices  shown  here  should  be  viewed  with  caution  for  sstimAtiiig 
purposes.  The  volume  of  material  and  labor  being  priced  has  an  important  bearing  on  the  unit  price,  and  it  ahoold 
be  borne  in  mind  that  a  correct  unit  price  for  estimating  purposes  should  be  built  up  from  the  ciroumstanoce  and 
conditions  peculiar  to  the  job  being  estimated  and  it  cannot  be  obtained  in  any  other  manner. 

At  the  time  this  book  goes  to  press,  common  laborers  receive  an  average  wage  of  50c.  per  hr.  Cbipentert 
masons,  and  ether  skilled  building  labor  receive  90c.  per  hr. 

3a.  Concrete. — The  unit  prices  for  the  concrete  in  the  foundations  is  made  up 
by  first  ascertaining  the  amount  of  material  and  labor  necessary  to  make  one  cubic  yard  of  con- 
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Crete  mixed  in  the  proportion  of  1-3^.  Experience  has  shown  that  to  estimate  the  quantity 
of  cement,  sand,  and  crushed  stone  from  tables  set  forth  in  text  books  would  result  in  a  shortage 
of  materials,  as  allowance  for  a  certain  amount  of  waste  must  be  made.  It  will  be  noted  that 
in  working  out  the  amounts  of  material  in  the  following  calculation,  proper  allowance  has  been 
made  for  this  waste. 

Concrete — per  cubic  ytad  (1-3-6  mix) 

Cement  IHo  bbl.  at  2.77 f  3 .05 

Sand  H  cu.  yd.  at  1.96 0 .98 

Cr.  stone  IHo  tow  at  2.76 3 .68 

Plant 2  .  10 

Labor,  mixing,  and  placing 1  .76 

Total  cost  per  cu.  yd $11 .46 

(Use  $11.50  for  unit  price.) 

The  price  of  cement  is  obtained  from  the  cement  dealers  ($2.84  per  bbl.  f.  o.  b.  cars  job). 
In  this  price  is  an  allowance  for  4  cement  bags  which  if  returned  to  the  dealer  in  good  condition 
would  be  credited  at  10c.  each  or  40c.  per  bbl.  A  cash  discount  of  5c.  per  bbl.  is  also  allowed  if 
payments  are  promptly  made.  Taking  advantage  of  both  these  credits  (45c.)  the  net  cost  of 
the  cement  becomes  $2.39  per  bbl.  Unloading  and  storing  the  cement  in  a  cement  shed  costs 
usually  25c.  per  bbl.  Tests  must  be  made  by  a  Cement  Testing  Bureau  to  ascertain  the  quality 
of  the  cement,  for  which  an  average  charge  of  3c.  per  bbl.  is  made.  The  loss  of  credits  due  to 
injury  to  bags  in  transit,  and  to  the  cost  of  freight  on  returned  bags  amounts  to  about  10c.  per 
bbl.  of  cement  purchased.  Allowance  being  made  for  the  above  charges,  the  price  of  cement 
becomes  $2.77  per  bbl.  and  it  is  this  figure  which  is  used  in  working  out  the  cost  of  concrete. 
The  following  calculation  shows  how  this  price  is  determined. 

Cement — Dealer's  quotation,  f.o.b.  cars  job  $2.84 

Credit  for  bags 0 .40 

Cash  discount 0  .05  0 .46 

$2.39 

Unloading  and  storing  cement 0  .  26 

Testing  cement 0 .  03 

Loss  and  freight  on  empty  bags 0  .  10 

Total  cost  per  bbl $2 .77 

Sand — Dealer's  quotation,  f.o.b.  cars  job $1 .75 

Unload  and  handle  into  bins 0 .20 

Total  cost  i)er  cu.  yd $1 .96 

CTruahed  stone,  f.o.b.  oars  job $2 .60 

Unload  and  handle  into  bins 0 .26 

Total  cost  per  ton , $2  .76 

As  a  certain  amount  of  machinery,  chutes,  runways,  towers,  etc.,  are  required  in  the  process 
of  placing  concrete,  an  allowance  must  be  made  in  the  unit  price  for  the  labor  of  erecting  and 
dismantling  this  "plant  work''  as  it  is  commonly  called,  and  also  allowance  must  be  made  for 
plant  material  purchased  or  rented  for  the  duration  of  the  job.  This  item  varies  with  the  sixe 
and  type  of  the  job  and  it  may  run  as  low  as  $1  per  cu.  yd.  and  in  especially  difficult  jobs  would 
cost  $3  or  more  per  cu.  yd.  of  concrete  placed.  A  plant  cost  of  $2.10  per  cu.  yd.  has  been  in- 
cluded in  the  unit  price  of  the  concrete  estimated  herein,  and  the  subdivisions  of  this  cost  are 
listed  on.  p.  1060.: 

The  average  labor  cost  of  mixing  and  placing  concrete  in  a  reinforced  concrete  building  with 
common  labor  at  50c.  per  hr.  is  about  $1.75  per  cu.  yd.  when  modem  plant  equipment  is  used 
on  the  job.  A  saving  of  25c.  on  the  labor  cost  and  25c.  on  the  plant  cost  per  cu.  yd.  is  usually 
made  in  placing  paving  concrete,  making  the  unit  for  this  class  of  work,  50o.  less  than  for  other 
concrete  work  of  a  similar  mix. 
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Plant  cost  per  oubio  yard  of  eonorete: 

Labor  Material  or  rental  ebaiaa 

Towers 0 .20  0 .20 

Temporary  bld^B 0 .  12  0 .  15 

Bins  for  aggregate 0^  10  0 .30 

Mixer  and  motor 0.06  0.14 

Canvas  and  chutes 0.06  0.85 

Runways,  staging  and  small  tools 0 .  14  0 .24 

Fuel,  power  and  water 0.15 

Labor 0 .67  Material  and  rentals  1  .43 

Total  per  cu.  yd f  2 .  10. 

The  unit  price  of  concrete  mixed  in  the  proportions  of  1-2-4  and  1-1 3^-3  is  made  up  in  a 
similar  way.  No  change  is  made  in  the  quantity  of  sand,  crushed  stone,  labor,  and  plant.  Tlie 
cement  quantity  alone  is  changed.     The  computation  for  1-2-4  and  1-1  J^-3  concrete  foUowB: 

• 

Concrete — per  cubic  yard  (1-2-4  mix) 

Cement  IH  bbL  at  2.77 f  4  .62 

Sand,  H  cu.  yd.  at  1.95 0 .08 

iHo  tons  of  crushed  stone  at  2.75 3  .5S 

Plant 2 .  10 

Labor,  mixing,  and  placing 1 .75 

ToUl  cost  per  cu.  yd $13  .03 

(Use  $13  for  the  unit  inioe.) 
Concrete — per  cubic  yard  (l-lH-3  mix). 

Cement,  2  bbL  at  2.77 $  6 .54 

Sand  H  cy.  at  1.95 0 .98 

Cr.  stone  iMo  tons  at  2.75 3  .58 

Plant 2  .  10 

Labor,  mixing,  and  placing 1  .75 

ToUl  cost  per  cu.  yd $13  .96 

(Use  $14  for  unit  prioe.) 

The  unit  price  of  concrete  window  sills  of  about  standard  size  usually  runs  around  72c.  per 
lineal  foot  including  concrete,  forms,  reinforcement,  and  finish.  The  price  of  72c.  per  lin.  ft. 
is  made  up  as  follows: 

Concrete  at  50c.  per  cu.  ft $0 .27H 

Formwork  at  25c.  per  sq.  f t 0 .  26 

Reinforcement  at  0.05c.  per  lb 0 .07H 

Carborundum  rubbing  (outside) 0.12 

Total  coat  per  lin.  ft $0 .72 

The  cost  of  constructing  reinforced  concrete  stairs  using  rates  of  labor  and  materials  «■ 
previously  noted,  is  about  $1.50  per  lin.  ft.  of  nosing.  Landings  will  cost  about  75c.  per  sq.  ft. 
These  unit  prices  include  all  concrete,  forms,  reinforcement  and  cement  finish  necessary  to 
complete  the  stairway.     No  safety  treads  or  hand  rails  are  included. 

Granolithic  finish  1  in.  thick  laid  after  the  slab  concrete  has  set  will  cost  about  lie.  persq. 
ft.  for  material  and  labor.     The  unit  price  is  made  up  as  follows : 

l-in.  granolithic  finish  laid  after — i>er  1000  sq.  ft. 

Cement,  12H  bbL  at  2.77 $  34  .63 

Pea  stone,  4  tons  at  3.00 $  12  .00 

Labor  to  pick  and  clean  floor  preparatory  to  laying  finish,  mix  and  lay  grano.  finish 

including  plant  costs  and  protect  while  drying 05  .00 

Total  cost  per  1000  sq.  ft $111 .68 

(Use  lie.  per  sq.  ft.  for  unit  price.) 
Note:  No  sand  required  in  granolithic  finish. 

If  the  granolithic  finish  is  laid  before  the  concrete  in  the  slab  has  become  thoroughly  dried* 
OUt|  the  finish  is  called  an  integral  finish.     In  estimating  a  finish  of  this  kind,  since  the  thick 
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ness  of  the  granolithic  finiah  is  included  in  the  slab  concrete  quantities,  the  unit  price  should 
contain  only  the  labor  cost  of  the  cement  finishers'  time  and  the  cost  of  the  extra  cement  used 
in  the  top  part  of  the  slab  which  forms  the  finish,  and  the  increased  cost  of  using  pea  stone  in- 
stead of  ordinary  crushed  stone.  The  unit  price  for  integral  granolithic 'finish  is  made  up  as 
follows: 

l-in.  granolithic  finish — ^laid  integral — ^per  1000  sq.  ft. 

Extra  cement,  10  bbl.  at  2.77 S27 .70 

Labor,  finiaher's  time 30 .00 

Extra  coat  of  pea  stone,  4  tons  at  25c 1 .00 

Total  cost  per  1000  sq.  ft $58 .70 

(Use  dc.  per  sq.  ft.  for  unit  price.) 

The  unit  of  cinder  concrete  crickets  placed  on  the  roof  to  form  proper  slope  to  downspouts 
has  been  worked  out  in  detail  as  follows : 

Cinder  concrete — per  cubic  yard. 

Cement,  1  bbl.  at  2.77 $2 .77 

Cinders,  1  cu.  yd 1 .50 

Plant  costs 2 .50 

Labor — mix  and  place  to  slope 2 .25 

Total  cost  per  cu.  yd SO  .02 

(Use  to  for  unit  prioe.) 

The  cost  of  finishing  concrete  surfaces  with  carborundum  stone  and  cement  varies  greatly 
with  different  contractors.  A  good  finish  may  be  obtained  by  going  over  the  surface  of  the 
concrete  twice  at  a  total  cost  of  about  7Mc.  per  sq.  ft.  of  surface  treated.  Hie  unit  price  is 
made  up  as  follows: 

Carborundum  rubbing — 2  coats — per  1000  sq.  ft. 

Labor,  1st  rub 40 .00 

Labor,  2d  rub 30 .00 

Cement  used  H  bbl.  at  2.77 1 .38 

Total  cost  per  1000  sq.  ft 71 .38 

(Use  IVie.  per  sq.  ft.  for  unit  price.) 

86.  Forms. — In  working  out  a  unit  price  for  formwork  it  is  very  important  to 
know  how  many  times  the  forms  can  be  used  without  remaking.  If  it  is  possible  to  use  the 
forms  twice,  one-half  the  cost  of  the  lumber  should  be  charged  against  the  unit  for  each  use.  If 
the  forms  are  used  three  times  a  lumber  charge  of  one-third  the  cost  of  the  lumber  is  included 
in  the  unit  price  and  so  on.  The  cost  of  erection  and  stripping  the  formwork  remains  uniform 
for  each  use  but  some  saving  is  made  on  making  when  the  forms  are  used  more  than  once.  In 
forming  one  square  foot  of  concrete  surface,  about  3  board  feet  of  lumber  are  used  in  building 
the  formwork.  Hence,  if  the  forms  are  used  but  once  the  material  charge  in  the  unit  price  will 
be  the  cost  of  3  board  feet  of  lumber.  If  the  formwork  is  used  twice  it  will  be  necessary  to  make 
a  material  charge  of  only  13^  board  feet  of  lumber  and  so  on.  Some  salvage  of  the  lumber  is 
usually  made  at  the  completion  of  the  job;  however,  where  the  formwork  is  very  complicated, 
the  lumber  is  practically  ruined  and  no  salvage  is  realized.  Ordinarily  a  saving  of  about  15  % 
of  the  cost  of  the  lumber  is  realized  at  the  close  of  the  job.  A  certain  amount  of  machinery 
is  required  with  which  the  formwork  is  constructed  on  the  job,  consisting  principally  of  a  saw 
mill  and  motor,  small  tools,  nails,  etc.  This  is  the  ''plant  cost"  and  seldom  amounts 
to  more  than  Ic.  per  sq.  ft.  of  concrete  surface  formed.  The  labor  involved  in  making,  erecting^ 
and  stripping  the  formwork  varies  with  the  complexity  of  the  work  but  seldom  costs  less  than 
7c.  or  more  than  15c.  per  sq.  ft.  of  concrete  surface  formed.  The  cost  of  the  labor  of  forming  a 
concrete  cornice  or  other  similar  work  will  cost  much  more  than  this  maximum. 

The  unit  costs  for  formwork  given  below  have  been  worked  out  with  luniber  at  $60  per 
M,  f  .o.b.  cars  at  the  job.    Adding  to  this  $2.50  per  M  to  cover  the  cost  of  unloading  and  handl- 


1062  HANDBOOK  OF  BUILDING  CONSTRUCTION  [Sm.  Ml 

ing  the  lumber  at  the  job,  the  prioe  becomes  $02.60  per  M.  The  building  wiU  probably  leqime 
a  set  of  forms  for  one  complete  story,  and  with  a  small  amount  of  remaking  these  f Grms  may  be 
used  for  forming  the  second  or  top  story.  This  having  been  decided  upon,  it  foUows  that  the 
unit  price  should  contain  a  material  charge  equal  to  the  cost  of  lyi  board  feet  of  lumber.  This 
material  charge  is  maintained  throughout  the  unit  prices  for  form  work  so  long  as  two  usee  are 
reckoned  on. 

The  common  labor  is  figured  at  50c.  and  carpenters'  work  at  90c.  per  hr. 

Footing  Forma: 

Lumber  IH  board  feet  at  $62.50  perM $0 .0938 

Deduct  salvage 0 .0160      0 .0788 

Plant  cost 0 .0100 

Labor,  make,  erect,  and  strip 0 .0800 

Total  cost  per  sq.  ft $0 .1688 

(Use  17o.  for  unit  prioe) 
Foundation  Wall  Forma: 

The  unit  price  for  foundation  wall  forms  may  be  figiired  similar  to  footing  forms  with  the  ezcepdcm  that  the 
labor  will  cost  about  9c.  instead  of  8c.  i>er  sq.  ft.  This  change  adds  Ic.  per  sq.  ft.  to  the  unit  prioe,  t»**irji*g  tlie  unit 
price  for  foundation  wall  forme  18c.  per  sq.  ft. 

Sxterior  Column  Forma: 

Lumber  IH  board  feet  at  $62.50  per  M $0 .0938 

Deduct  salvage 0 .0160  0 .0788 

Plant  costs 0 .0100 

Labor,  make,  erect,  and  strip 0.1 176 

Total  cost  per  sq.  ft $0 .2063 

(Use  20Ho-  for  unit  price.) 
Braekel  Forma: 

Lumber,  IH  board  feet  at  $62.50  per  M $0 .0938 

(no  salvage  allowed) 

Plant 0 .0100 

Labor,  make,  erect,  and  strip 0 .2360 

Total  cost  per  sq.  ft $0 .3388 

(Use  33Hc.  for  unit  price.) 
ItUerior  Column  Forma^{round  ateel): 

Rental  of  steel  column  forms  each $15 .00 

Labor,  erect,  strip,  and  handle 5 .00 

Total  unit  cost  each $20 .00 

Flat  Slab  Floor  and  Roo^  Forma: 

Lumber,  IH  board  feet  at  $62.50  per  M .^ $0  0938 

Deduct  salvage .' 0 .0150      0 .0788 

Plant 0 .0100 

Labor,  make,  erect,  and  strip 0 .0776 

Total  cost  per  sq.  ft. $0 .  1668 

(Use  16>jo.  for  unit  price.) 
J>rop  Panel  Forma: 

Lumber,  IH  board  feet  at  $62.50  per  M $0 .0938 

(no  salvage  allowed) 

Plant 0 .0100 

Labor,  make,  erect,  and  strip 0 .  1075 

Total  cost  per  sq.  ft $0 .2113 

(Use  21c.  for  unit  price.) 
Watt  Beam  Forma: 

Lumber,  IH  board  feet  at  $62.50  perM $0 .0938 

Deduct  salvage 0 .0150     0 .0788 

Plant 0 .0100 

Labor,  make,  erect,  and  strip 0 .0976 

Total  coet  per  sq.  ft. $0.1863 

(Use  18Ho-  for  unit  price.) 
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Floor  Beam  Forms: 

The  unit  coet  of  floor  beam  forma  works  out  quite  closely  to  the  cost  of  the  wall  beam  forms,  the  only  difference 
being  an  increase  of  about  yio.  per  sq.  ft.  in  the  labor  charge.  This  increase  makes  it  necessary  to  use  19c.  bs  a  unit 
price  for  floor  beam  forms.  Should  the  floor  be  what  is  known  as  a  beam  and  slab  t3ri>e  of  floor,  the  average  labor 
cost  of  making,  erecting,  and  stripping  the  forms,  measuring  beams  and  slab  together  will  be  about  8H0.  per  sq.  ft. 
This  would  make  the  cost  of  beam  and  slab  floor  forms  about  17Ho.  per  sq.  ft.  if  the  forms  are  used  twice. 

Partition  Forma: 

Lumber,  IH  board  feet  at  $62.50  per  M SO  .0038 

Deduct  salvage 0 .0150       0 .0788 

Plant 0 .0100 

Labor,  make,  erect,  and  strip 0 .  1375 

ToUl  cost  per  sq.  ft $0 .2263 

(Use  22>^c.  for  unit  imoe.) 

3c.  Reinforcement — ^The  labor  of  cutting,  bending,  and  placing  reinforcement 
will  cost  from  $8  to  $20  per  ton  depending  upon  the  size  of  the  bar,  the  amount  of  bending 
required,  and  the  position  in  which  the  bars  must  be  finally  placed.  In  the  average  concrete 
building,  it  is  safe  to  assume  that  a  flat  rate  of  $14  per  ton  will  cut,  bend,  and  place  the  rein- 
forcement in  the  building.    The  unit  price  of  43^c.  per  lb.  is  made  up  as  follows: 

Reinforcement  f.o.b.  oars  job,  per  ton $68 .00 

Unload  and  pile  on  job 3  .00 

Cut,  bend,  and  place  including  wire,  etc 14  .00 

Total  cost  per  ton $85  .00 

(Use  4Hc.  per  lb.  for  unit  price.) 

8d.  Condusion. — ^The  method  of  arriving  at  the  unit  costs  of  the  principal 
parts  of  a  reinforced  concrete  building  have  been  briefly  outlined  in  the  previous  paragraphs. 
With  the  aid  of  this  information  and  by  ascertaining  the  costs  of  material  used  in  concrete 
construction,  it  is  possible  to  make  estimates  of  reinforced  concrete  buildings  which  should 
represent  quite  closely  the  final  cost  if  the  work  is  expeditiously  performed.  Space  does  not 
permit  the  compilation  of  the  vast  volume  of  matter  necessary  to  cover  the  subject  of  unit 
prices  thoroughly.  Enough  information  has  been  given,  however,  to  enable  the  structural 
engineer  to  estimate  for  himself  the  probable  cost  of  the  structure  he  has  designed  and  the 
builder  not  familar  with  reinforced  concrete  construction  may  be  able  to  make  some  use  of 
the  subject  matter  on  these  pages. 


SECTION  3 

ARCHTTECTURAL  PRACTICE 

Bt  Arthur  Peabodt 

1.  Architects*  Rates  for  Service. — The  architects'  coinmissions  will  be  computed  on  the 
percentages  reconuDended  by  the  American  Institute  of  Architects.  These  will  vary  with  the 
nature  of  the  work,  whether  large  or  small,  and  whether  the  amount  of  service  is  to  be  partial 
or  complete.  Rates  for  remodelling  and  for  monumental  or  decorative  work  will  be  diff^«nt 
from  the  regular  rate.  The  recommended  rates  for  ordinary  examples  of  the  above  are  here 
given.  (''Reprinted  from  the  Standard  Documents  by  permission  of  the  American  Institute 
of  Architects.") 

1.  The  Architect's  professional  services  consist  of  the  necessary  conferences,  the  preparation  of  prdinunary 
studies,  working  drawings,  specifications,  large  scale  and  full  sise  detail  drawings;  the  drafting  of  forms  of  proposals 
and  contracts;  the  issuance  of  certificates  of  payment;  the  keeping  of  accounts,  the  general  administration  of  the 
business  and  supervision  of  the  work,  for  which,  except  as  hereinafter  mentioned,  the  minimum  charge,  baaed  upon 
the  total  cost  of  the  work  complete,  is  6%. 

2.  On  residential  work,  alterations  to  existing  buildings,  monuments,  furniture,  decorative  and  cabinet  wock 
and  landscape  architecture,  it  is  proper  to  make  a  higher  charge  than  above  indicated. 

3.  The  Architect  is  entitled  to  compensation  for  articles  purchased  under  his  direction,  even  though  not 
designed  by  him. 

4.  Where  the  Architect  is  not  otherwise  retained,  consultation  foes  for  professional  advice  are  to  be  paid  in 
proportion  to  the  importance  of  the  question  involved  and  services  rendered. 

5.  The  Architect  is  to  be  reimbursed  the  costs  of  transportation  and  living  incurred  by  him  and  hia  aasistaats 
while  traveling  in  discharge  of  duties  connected  with  the  work,  and  the  costs  of  the  services  of  heating,  ventilating, 
mechanical,  and  electrical  engineers. 

6.  The  rate  of  percentage  arising  from  Art.  1  and  2  hereof,  i.e.,  the  basic  rate,  applies  when  all  of  the  work  is 
let  under  one  contract.  Should  the  Owner  determine  to  have  certain  portions  of  the  work  executed  under  aepaFate 
contracts,  as  the  Architect's  burden  of  servioe,  expense  and  responsibility  is  thereby  increased,  the  rate  in  connection 
with  such  portions  of  the  work  is  greater  (usually  by  4  %)  than  the  basic  rate.  Should  the  owner  determine  to  have 
substantially  the  entire  work  executed  under  separate  contracts,  then  such  higher  rate  applies  to  the  entire  work. 
In  any  event,  however,  the  basic  rate,  without  increase,  applies  to  contracts  for  any  portions  of  the  work  on  whkh 
the  Owner  reimburses  the  engineer's  fees  to  the  Architect. 

7.  If,  after  a  definite  scheme  has  been  approved,  the  Owner  makes  a  decision  which,  for  its  proper  execution, 
involves  extra  services  and  expense  for  changes  in  or  additions  to  the  drawings,  specifications  or  other  documents; 
or  if  a  contract  be  let  by  cost  of  labor  and  materials  plus  a  percentage  or  fixed  sum;  or  if  the  Architect  be  put  to 
labor  or  expense  by  delays  caused  by  the  Owner  or  a  contractor,  or  by  the  delinquency  or  insolvency  of  either,  or  as  a 
result  of  damage  by  fire,  he  ii  to  be  equitably  paid  for  such  extra  service  and  expense. 

8.  Should  the  execution  of  any  work  designed  or  specified  by  the  Architect  or  any  part  of  such  work  be  aban- 
doned or  suspended,  the  Architect  is  to  be  paid  in  accordance  with  or  in  proportion  to  the  terms  of  Art.  9  of  this 
Schedule  for  the  service  rendered  on  account  of  it,  up  to  the  time  of  such  abandonment  or  suspension. 

9.  Whether  the  work  be  executed  or  whether  its  execution  be  suspended  or  abandoned  in  part  or  whole,  pay- 
ments to  the  Architect  on  his  fee  arc  subject  to  the  provisions  of  Art.  7  and  8,  made  aa  follows: 

Upon  completion  of  the  preliminary  studies,  a  sum  equal  to  20%  of  the  basic  rate  computed  upon  a  reasonable 
estimated  cost. 

Upon  completion  of  specifications  and  general  working  drawings  (exclusive  of  details)  a  sum  sufficient  to  in- 
crease payments  on  the  fee  to  60  %  of  the  rate  or  rates  of  commission  agreed  upon,  as  influenced  by  Art.  6,  compu- 
ted upon  a  reasonable  cost  estimated  on  such  completed  specifications  and  drawings,  or  if  bids  have  been  received, 
then  computed  upon  the  lowest  bona  fide  bid  or  bids. 

From  time  to  time  during  the  execution  of  work  and  in  proportion  to  the  amount  of  service  rendered  by  the 
Architect,  payments  are  made  until  the  aggregate  of  all  payments  made  on  account  of  the  fee  under  this  Articfe 
reaches  a  sum  equal  to  the  rate  or  rates  of  commission  agreed  upon  as  influenced  by  Art.  6,  computed  upon  the 
final  cost  of  the  work. 

Payments  to  the  Architect,  other  than  those  on  his  fee,  fall  due  from  time  to  time  as  his  work  is  done  or  as  costs 
are  incurred. 

No  deduction  is  made  from  the  Architect's  fee  on  account  of  penalty,  liquidated  damages  or  other  sums  with- 
held from  payments  to  contractors. 

10.  The  Owner  is  to  furnish  the  Architect  with  a  complete  and  accurate  survey  of  the  building  site,  giving  the 
grades  and  lines  of  streets,  pavements  and  adjoining  properties;  the  rights,  restrictions,  casements,  boundaries  and 
contours  of  the  building  site,  and  full  information  as  to  sewer,  water,  gHS  and  electrical  service.  The  Owner  it  to 
pay  for  borings  or  test  pits  and  for  chemical,  mechanical  or  other  tests,  when  required. 

11.  The  Architect  endeavors  to  guard  the  Owner  against  defects  and  deficiencies  in  the  work  of  contractoni 
but  does  not  guarantee  the  performance  of  their  contracts.  The  supervision  of  an  architect  is  to  be  distinguiahed 
from  the  continuous  personal  superintendence  to  be  obtained  by  the  employment  of  a  cjerk  of  the  works. 
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When  authorised  by  the  Owner,  a  clerk  of  the  works,  acceptable  to  both  Owner  and  Architect,  is  to  be  encaged 
by  the  Architect  at  a  salary  satisfactory  to  the  Owner  and  paid  by  the  Owner,  upon  presentation  of  the  Architect's 
monthly  certificates. 

12.  When  requested  to  do  so,  the  Architect  makes  or  procures  preliminary  estimates  on  the  cost  of  the  work  and 
he  endeavors  to  keqp  the  actual  cost  of  the  work  as  low  as  may  be  consistent  with  the  purpose  of  the  building  and 
with  proper  workmanship  and  material,  but  no  such  estinuite  can  be  regarded  as  other  than  an  approximation. 

13.  Drawings  and  specifications,  as  instruments  of  service,  are  the  property  of  the  Architect,  whether  the  work 
for  which  they  are  made  be  executed  or  not. 

Note. — The  words  "the  cost  of  the  work,"  as  used  in  Art.  1  and  9  hereof,  are  ordinarily  to  be  interpreted  as 
meaning  the  total  of  the  contract  sums  incurred  for  the  execution  of  the  work,  not  including  Architect's  and  En- 
gineer's fees  or  the  salary  of  the  clerk  of  the  works,  but  in  certain  rare  cases,  e.  g.,  when  labor  or  material  is  fur- 
nished by  the  Owner  below  its  market  cost  or  when  old  materials  are  re-used,  the  cost  of  the  work  is  to  be  intei^ 
preted  as  the  cost  of  all  materials  and  labor  necessary  to  complete  the  work,  as  such  cost  would  have  been  if  all 
materials  had  been  new  and  if  all  labor  had  been  fully  paid  at  market  prices  current  when  the  work  was  ordered, 
plus  contractor's  profits  and  expenses. 

2.  Employment  of  Architects. — An  architect  may  be  employed  in  various  ways,  as  on  a 
conxmission  basis  or  on  a  salary.  He  may  furnish  plans  and  specifications  only,  or  be  em- 
ployed also  to  superintend  the  work.  In  some  states  the  lien  law  protects  the  architect; 
in  others  it  does  not.  The  architect  should  ascertain  exactly  what  person,  corporation,  or 
authority  has  the  power  to  employ  him  and,  in  every  case,  obtain  a  written  contract  for  serv- 
ices. The  contract  should  describe  accurately  what  the  architect  is  to  do,  and  what  com- 
pensation shall  be  paid.  The  enumeration  of  his  duties  in  minute  detail  will  not  be  necessary 
but  no  uncertainty  should  exist  as  to  the  limit  of  his  employment,  whether  it  be  for  pre- 
liminary sketches,  for  the  general  design,  for  working  drawings,  specifications  and  details,  of 
for  superintendence.  Provision  should  be  made  for  a  proper  settlement  in  the  case  of  failure 
of  the  enterprise  to  start,  or  to  proceed  to  completion,  and  for  his  release  if  necessary  before 
the  completion  of  the  work.  The  terms  of  payment  must  be  stated.  The  contract  must  be 
such  as  will  stand  in  law.  Verbal  contracts  unsupported  by  witnesses  are  of  no  force.  The 
following  will  be  sufficient  for  small  work.  For  important  undertakings  the  Standard  Con- 
tract of  the  A.  I.  A.  should  be  used. 

Short  Contract  for  Architectural  Service 

19 . . 

(Place  and  date) 

Artide  I.     This     contract     certifies     that Arehiteott, 

her^y  agree  to  furnish  the  design,  working  drawings  and  specifications,  and  to  superintend  the  construction  of 

for ,    owner. 

(Insert  the  Building  or  Work  to  be  Done) 

Artide  II owner,  hereby  agrees  to  pay  to  the  architects  for  thft 

above  work  a  sum  of  money  equal  to per  cent,  of  the  entire  cost  of  the  above  building  or  work. 

ArUcU  III.     Payments  shall  become  due  to  the  architect  as  follows : 

Upon  completion  of  the  design 20  %  of  the  whole. 

Upon  completion  of  the  working  plans  and  specifications 40  %  of  the  whole. 

For  the  entire  superintendence 40%  of  the  whole. 

Article  IV,     The  original  design,  and  the  plans  and  specifications  shall  remain  in  the  custody  of  the  architeet, 

but  neither  he  nor  the  owner  shall  use  them  or  copies  of  them  except  for  the  construction  of   this  building  or  work. 

Artide  V.     The  architect  and  the  owner  for  themselves,  their  heirs,  successors,  executors,  administrators  and 

assigns,  hereby  agree  to  the  covenants  herein  contained.     In  witness  whereof  they  have  set  their  hands  and  seals 

the  day  and  year  first  above  written. 


Signature  of  Architects 
Signature  of  Owner 

8.  Contracts  for  Building. — For  large  enterprises,  involving  employment  by  public  bodies 
such  as  a  Board  of  Trustees,  or  a  building  conmiission,  the  standard  documents  of  the  American 
Institute  of  Architects  are  advisable.  These  documents  cover  the  conduct  of  competitions,  the 
employment  of  architects,  building  contracts  and  other  matters  in  connection.  The  Standard 
Form  of  Contract  for  building  will  require  minor  modifications  for  use  in  public  work,  to  comply 
with  various  state  laws.  The  Engineering  Department  of  the  State  of  Wisconsin  makes  use  of 
a  modified  form  of  the  standard  contract  and  bond  for  important  work.  Some  states  require  a 
contract  and  bond  for  small  work  as  well.    A  short  form  of  contract  and  bond  has  been  adopted 


1066 


HANDBOOK  OF  BUILDING  CONSTRUCTION 


(See.S-8 


in  Wisconsin  for  all  contracts  for  labor  and  material  in  sums  of  $100  or  more.     The  oontnuit 
and  bond  occupy  one  side  of  a  letter  sheet. 


STATE  OF  WISCONSIN 
SHORT  CONTRACT  AND  BOND 


(Here  insert  name  of  institution) 


(Date) 


Article  1 

(Here  insert  name  of  contractor) 

of 

the  first  party,  hereby  agrees  to  furnish  a  satisfactory  bond  and 


to 


The  first  party  hereby  agrees  to  complete  the  same  on  or  before 


Article  S.     The. 


(Here  insert  legal  title  of  board) 


the  second  party  hereby  agrees  to  pay  the  first  party  for  the  per- 
formance of  this  contract  the  sum  of 

dollars  within days  after  the  completion  of  the 

contract.     Partial  payments  will  be  made  up  to  85%  of  esti- 
mated values,  previous  to  such  completion. 

Article  S.  No  laborer,  workman  or  mechanic  of  the  con- 
tractor, subcontractor,  agent  or  other  person  shall,  in  the  per- 
formance of  thb  contract,  work  or  be  permitted  or  directed  to 
work  more  than  eight  hours  in  any  one  calendar  day,  except  in 
cases  of  extraordinary  emergencies,  as  provided  in  section  1729m, 
of  the  statutes. 

The  first  party  hereby  agrees  to  maintain  liability  insurance 
sufficient  to  protect  the  second  party  and  State  against  all  claims 
for  damage  or  injury  to  persons  employed  upon  this  work  and 
shall  save  the  second  party  harmless  against  all  claims  for  royal- 
ties on  or  infringements  of  patents  on  materials  of  appliances 
used. 

The  specifications,  plans  or  diagrams  furnished  herewith 
shall  constitute  part  of  this  agreement  the  same  as  if  hereto  at- 
tached. 

Article  4.  The  parties  for  themselves,  their  heirs,  success- 
ors, executors,  administrators,  and  assigns,  hereby  agree  to  the 
covenants  herein  contained.  In  witness  whereof  they  have  set 
their  hands  and  seals  the  day  and  year  first  above  written. 


(Signature  of  first  party) 


This  form  to  be  used  for  items  eondng 
under  Chapter  388,  Laws  of  1917. 

Requisition  No 


Division 


Class  and  Fund 


BOND 


We 


(Name  of  first  party,  principal) 

and  we, 

(Name  of  surety) 
are  hereby  held  and  firmly  bound  unto  the 
second  party  to  the  accompanying  contract 
in     the     sum     of dollars 

(Contract  amount) 
for  the  payment  whereof  the  first  party,  prin- 
cipal and  the  surety  bind  themselves,  their 
heirs,  surcessors,  administrators  and  SMJins 
jointly  and  severally  by  these  presents. 

The  condition  of  this  obligation  is  that  if 
the  first  party  shall  faithfully  perform  the 
said  contract  and  satisfy  all  claims  and  de- 
mands incurred  for  the  same  and  shaD  protect 
the  second  party  and  the  State  of  Wiscooria 
against  all  liability,  injury,  or  dsmage  caused 
by  the  act  or  omission  of  the  said  first  party* 
his  agents  or  employees,  then  this  obligation 
shall  be  null  and  void.  Provided  that  altera- 
tions made  in  the  terms  of  the  contract,  or 
any  forbearance  on  the  part  of  the  first  or 
seoond  party  thereto  shall  not  release  the 
principal  or  the  surety  from  their  liability 
hereunder,  notice  to  the  surety  of  any  such 
alteration  or  forbearance  being  hereby  waived. 

Signed  and  scaled  this day  of 

19 


(Signature  of  first  party,  principal) 


(Signature  of  surety) 

This  certifies  that  I  have  been  duly 
licensed  as  agent  for  the  above  company  in 

Wisconsin  under  license  No for  the 

year  19  . .  . ,  and  appointed  as  attorney  in  faet 
with  authority  to  execute  contract  bonds 
with  a  minimum  of  flCX)  and  a  maximum  of 

$ which  power  of  attorney  has  not 

been  revoked. 


(Signature  of  second  party)  (Agent) 

The  foregoing  contract  and  bond  to  the  amount  of  $ . , 
are  hereby  approvedt  the  same  day  and  year  as  first  above  written. 

(State  Chief  Engineer) 

(Governor  of  Wisconsin) 
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4.  Schedule  of  Building  Costs. — In  the  usual  case,  the  architect  is  engaged  to  design  a 
ding  to  meet  a  certain  expenditure.  This  amount  should  be  looked  upon  as  the  total  of 
is  available.  To  bring  the  matter  clearly  before  the  owner  a  schedule  of  estimated  costs 
sually  made.     This  will  cover 

Architect's  commission $ 

Expense  for  travel,  etc $ 

Cost  of  survey  and  other  engineering  work $ 

The  principal  contract $ 

Subordinate  contracts $ 

Estimated  amount  for  extras $ 

Cost  of  connection  to  supplies  for  gas,  water,  sewer,  electric  current,  heat 

and  power % 

Costs  incidental  to  construction  such  as  temporary  heat,  power  and  light  % 

Fire  insurance $ 

Fire  protection,  safety  provisions S 

Contingent  balance $ 

By  thiB  the  architect  and  owner  will  be  able  to  know  what  ia  meant  by  the  entire  coat.  Where  the  funds 
ot  be  exceeded  under  any  circumBtances,  the  schedule  is  imperative,  in  order  to  proceed  with  safety.  In  some 
\  there  must  be  added  amounts  for  land  improvement,  including  clearing,  grading,  draining,  planting,  drivest 
a  and  enclosures,  together  with  main  sewers  and  water  lines,  railway  sidings,  walls,  tunnela,  conduits  and  electrio 
lines. 

6.  Financing  of  a  Building  Project. — The  extent  to  which  an  architect  maps  out  a  building 
ect  will  depend  on  conditions.  The  complete  program  will  begin  at  the  conception  of  the 
irprise  and  end  with  the  occupation  or  disposal  of  the  completed  work.  Where  the  client 
no  other  adviser,  the  architect  may  be  consulted  upon  the  probability  of  its  financial  success, 
amount  of  funds  obtainable  by  first  and  second  mortgages,  stock,  bonds  and  other  resources. 

A  loan  of  about  50  %  of  the  value  of  the  land  and  completed  building  may  be  ob- 
ed  usually  for  building  purposes.  This  is  secured  by  the  first  mortgage.  Deferred  payments 
he  land  are  covered  by  a  second  mortgage.  The  second  mortgage  will  be  held  by  the  original 
er  of  the  land,  and  will  become  due  before  the  first.  Real  estate  companies  sometimes  accept 
I  for  a  certain  portion  of  the  land  value.  A  more  complicated  condition  is  where  the  second 
tgage  is  used  as  security  for  the  preferred  stock  of  a  project,  while  the  title  or  ownership  is 
esented  by  the  common  stock.  Beside  this  there  may  be  an  issue  of  bonds  of  one  or  more 
is. 

The  burden  of  financing  a  project  may  include  cost  of  promotion,  brokerage  commissions,  discounts  on  bonds 
preferred  stock,  etc.  The  following  table  indicates  what  might  be  a  fair  approximation  to  the  several  itemSt 
ig  the  completed  work  at  100  % .     The  financial  statement  will  cover 

Cost  of  land,  including  all  charges  necessary  to  securing  the  title,  estimated 25  % 

Gkwt  of  building  including  also  fees  to  architects,  engineers,  x>^ix^ts,  etc.,  and  other  inci- 
dentals, estimated 55  % 

Discounts  on  bonds,  estimated 3  % 

Discounts  on  preferred  stock,  estimated 6  % 

Interest  on  bonds  during  construction  period,  estimated 3% 

Dividends  on  preferred  stock  during  construction  period,  estimated 3  % 

Taxes  and  insurance  during  construction  period,  estimated )i  % 

Fees  and  incidentals,  estimated ^2  % 

Cost  of  promotion,  estimated 4 


100% 

The  several  items  would  vary  somewhat  with  conditions.  A  prospective  increase  in  land  value  may  be  antici- 
i,  but  this  would  not  a£Fect  the  computation  of  actual  cost.  It  may  have  an  effect  on  the  per  cent,  of  loan 
liable  by  the  first  mortgage,  and  might  make  a  readier  sale  of  preferred  stock  which  is  sometimes  hard  to  place, 
common  stock  is  sometimes  used  as  part  payment  of  the  architect,  contractor  and  others  interested.  The 
'ol  of  the  business  is  held  by  the  common  stock,  which  participates  also  in  the  earnings  from  operation  or  in 
ts  from  sale.  In  some  examples  the  cost  of  operation  will  amount  to  40%  of  the  gross  income,  leaving  60% 
wt  fixed  charges  such  as  interest,  sinking  fund,  etc.,  and  to  be  paid  on  the  common  stoek. 


SECTION  4 

CONTRACTS 
Bt  Daniel  J.  Hauer 

Most  building  construction  is  done  under  a  contract  between  the  owner  and  a  contractor 
who  is  commonly  called  a  builder.  The  builder  has  but  little  dealing  with  the  owner  aa  the 
architect  of  the  8tructui*e  acts  for  the  owner,  supervising  the  construction  and  being  in  full 
charge  of  the  builder's  work. 

1.  Contracting  Versus  Day  Labor. — When  construction  is  carried  on  by  day  labor,  fhe 
owner,  possibly  through  his  architect,  employs  a  superintendent  of  construction,  engages 
mechanics,  artisans,  and  laborers  through  him;  purchases  tools,  machinery,  and  materials; 
and  with  his  own  forces  paid  by  daily  wages,  builds  the  structure^  thus  eh'minating  the  con- 
tractor. This  would  seem  to  be  the  ideal  method,  as  all  chance  of  disputes  with  the  con- 
tractor over  contractual  rights,  specifications,  changes  in  plans,  and  quantities  of  woric,  is 
prevented.  The  owner,  through  the  architect,  is  at  all  times  supreme  and  one  would  think 
that  the  profit  the  contractor  makes  is  saved  to  the  owner. 

The  reverse  of  this  generally  happens.  Expensive  machines  and  many  tools  may  have 
to  be  purchased,  and  when  these  are  sold  at  the  completion  of  the  work,  the  loss  sustained  may 
more  than  equal  the  contractor's  profit,  as  the  latter  charges  only  a  reasonable  rental  or  plant 
expenae,  the  machines  and  toob  having  a  value  to  him  for  future  jobs.  In  addition  to  this, 
mechanics,  laborers,  and  others,  including  the  superintendent,  who  do  not  have  any  money 
interest  in  the  job,  will  do  indifferent  work ;  the  job  will  drag ;  and  the  cost  will  be  greatly  in- 
creased over  the  work  done  by  the  same  men  when  employed  by  a  contractor.  This  individual's 
living  and  profits  must  be  made  by  saving  materials  and  obtaining  efficient  work  from  his 
employees.  His  money  is  at  stake  as  well  as  the  owner's;  therefore,  the  greater  the  saving 
effected  by  the  contractor,  the  larger  is  his  profit. 


ThuBi  building  construction  performed  by  a  contractor  has  proved  to  be  cheaper  (save  in  exceptioDal  caacs) 
than  that  done  by  the  day-labor  method.  Then  too,  contractors  do  a  better  grade  of  work  than  that  accompUahed 
by  day  labor  forces.  The  architect  and  his  assistants  pass  upon  the  equality  of  the  materials  and  see  to  it  that  the 
contractor  follows  the  specifications,  condemning  all  poor  work  and  compelling  such  construction  to  be  done  over. 
With  day  labor  forces,  the  specifications  are  ignored  and  poor  work  is  covered  up  and  skimmed  over  to  prevent  the 
owner  from  finding  fault. 

The  day-labor  method  thus  leads  to  extravagance,  prolongation  of  the  work  in  order  to  hold  poaitions,  poor 
workmanship,  and  an  indifferent  quality  of  construction.  The  contract  method  moans  quickly  finished  joba  as 
it  is  to  the  contractor's  interest  to  rush  his  work;  the  specifications  are  followed  resulting  in  first-ciaas  work;  and 
money  lb  saved  to  the  owner. 

2.  Public  and  Private  Contracts. — Ck>ntracts  made  with  a  national  government,  a  province 
state,  county,  city,  town,  or  village  are  known  as  public  contracts.  Bonds  are  demanded  on 
such  contracts  and  the  contractor  and  his  bondsmen  are  compelled  to  complete  a  job  no  matter 
what  pecuniary  loss  they  may  sustain.  No  one  under  the  law  has  the  right  to  change  the 
contract  clauses  or  the  specifications,  which  must  be  lived  up  to  by  the  contractor.  The  wont 
possible  features  of  the  work  may  be  forced  upon  him  at  any  time.  For  these  reasons,  woik 
done  under  public  contracts  can  seldom  be  pcrfonned  as  cheaply  as  that  under  a  private 
contract. 

Private  contracts  are  those  made  with  corporations  (other  than  public  ones),  firms,  and  individuals.  Bond 
may  have  to  be  given  for  such  contracts,  but  the  owner  can  only  recover  by  suing  the  contractor  and  hia  bondaman. 
The  architect  can  change  the  contract  and  specifications  by  agreement  with  the  contractor,  as  nothing  ia  aa  bindbv 
as  on  public  contracts.     This  makes  it  possible  to  estimate  closer  on  such  construction  and  yet  do  as  good  work. 

Some  contractors  confine  their  operations  to  public  contracts  while  others  take  work  only  under  piiTato 
tracts.     A  third  class  does  both  kinds  of  construction. 
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8.  Forms  of  Contraets. — ^There  are  many  fomiB  of  contracts  used  for  building  construction. 
Under  most  of  these  forms,  it  is  first  necessaiy  for  the  builder  to  make  a  proposal  to  the  owner 
through  the  architect.  This  proposal  for  some  forms  of  contracts,  especially  on  private  work  or 
for  subcontracts,  may  take  the  form  of  a  letter.  When  this  kind  of  proposal  is  made,  theoffer 
must  be  made  up  with  great  care  and  worded  so  as  not  to  be  ambiguous ;  otherwise,  the  contrac- 
tor may  be  offering  to  do  more  work  than  he  has  estimated  and  the  other  party,  in  accepting 
the  proposal,  may  think  the  contractor  is  offering  to  do  the  work  as  planned,  thus  leading  to 
disputes. 

Under  many  forms  of  contracta  and  for  nearly  all  public  contraota*  a  proposal  form  ia  used,  and  to  make  the 
proposal  formal,  it  must  be  made  out  on  the  official  form  and  followed  as  actually  outlined.  To  deviate  from  tlie 
form  means  to  make  the  proposal  informal.  No  one  has  the  right  to  consider  it  unless  it  should  be  the  only  proposal 
entered,  in  which  case  an  adjustment  could  be  made.  On  public  work,  an  architect  has  no  right  to  consider  an 
informal  proposal  because  it  is  not  a  proposal  based  upon  the  contract  and  specifications.  Should  a  contractor 
desire  to  submit  an  alternate  proposal  or  have  some  change  made  in  the  plans  to  save  the  owner  money,  he  shoukl 
first  submit  a  formal  proposal  and  then  make  his  alternate  on  a  separate  form  or  sheet  of  paper.  Should  his  formal 
proposal  be  low  or  be  the  accepted  proposal,  then  the  contractor  can  have  his  alternate  considwed,  or  all  proposals 
may  be  rejected  and  new  ones  made  based  upon  the  change  suggested  in  the  alternate.  Every  contractor  should  be 
careful  to  see  that  his  proposals  are  formal  before  they  are  submitted. 

The  various  forms  of  contracts  are  known  as  follows:  unit  prices,  lump  sum,  cost  plus  a  percentage,  cost  plus  a 
fixed  fee,  cost  plus  a  scale  of  fees,  and  percentage  contracts. 

3a.  Unit  Price  Contracts. — A  unit  price  form  of  contract  is  based  upon  the 
naming  of  unit  prices  for  each  kind  and  class  of  work  to  be  done  upon  a  building.  By  this 
method  the  exact  amount  of  each  class  of  work  need  not  be  definitely  known  if  only  the  different 
classes  and  kinds  of  work  are  known.  With  a  price  set  for  each  unit,  it  is  then  possible  to 
carry  on  the  job,  paying  the  contractor  only  for  the  work  actually  done. 

The  difficult  feature  of  this  method  of  carrying  on  a  contract  for  a  building,  is  the  great  variety  of  work  that 
must  be  done  and  the  difficulty  of  obtaining  unit  measurements  for  each  item.  Coupled  with  this,  architeots  are 
loathe  to  take  the  time  and  trouble  to  measure  up  and  keep  a  record  of  the  various  units.  This  form  of  oontraet 
is  excellent  for  engineering  construction,  but  is  not  so  well  adapted  to  architectural  work.  It  is  necessary  for  eon- 
tractors  to  estimate  most  construction  upon  a  unit  basis  even  when  other  fonns  of  contracts  are  used,  but  the 
general  preference  for  contract  forms  has  been  that  of  lump  sum  contracU. 

36.  Lump  Sum  Contracts. — Under  a  lump  sum  contract,  a  price  is  figured  by 
the  contractor  who  names  a  stated  price  or  sum  for  a  completed  structure,  according  to  the 
owner's  plans  and  specifications.  Thus  the  owner  and  his  architect  depend  upon  the  price 
bid,  and  are  not  bothered  with  units  or  quantities  so  far  as  estimating  costs  are  concerned. 

It  is  necessary  that  plans  and  specifications  should  be  complete  before  proposals  are  asked 
as  any  changes  or  alterations  must  be  paid  for  as  extras,  or,  new  prices  must  be  agreed  upon 
for  the  work.  The  contract  upon  this  basis  demands  accurate  and  thorough  work  by  the  archi- 
tect, the  variations  permissible  being  alternates  asked  for  in  the  proposals. 

The  lump  sum  form  of  contract  has  been  the  most  common  one  used  for  some  decades  in  erecting  building!. 
A  variation  of  it  has  been  to  name  unit  prices  for  some  classes  of  work  for  additions  and  deductions.  Thus,  tot 
concrete  foundations,  the  plans  may  call  for  the  footings  to  be  20  ft.  below  the  street  level.  The  proposals  naade 
may  name  one  price  per  cubic  yard  for  any  concrete  to  take  the  foundations  deeper,  and  a  less  price  per  onbic  yard 
for  any  deduction  in  yardage  if  the  foundation  is  carried  to  a  less  depth  than  20  ft.  This  would  likewise  apply  to 
the  excavation.  It  is  possible  to  apply  this  variation  in  form  of  contract  to  any  class  of  work  having  simple  units; 
hence,  the  form  of  contract  becomes  a  combination  of  the  lump  sum  and  unit  prices. 

With  a  unit  price  form  of  contract,  the  builder  b  not  bothered  by  uncertain  quantities  of  work  to  be  done,  as 
his  work  is  measured  up  and  paid  for;  but  with  a  lump  sum  contract,  he  must  know  accurately  how  much  work  is  to 
be  done.  If  plans  and  specifications  are  inaccurate  and  indefinite,  then  the  builder  must  protect  himself  by  naming 
in  the  price  he  bids,  an  ample  amount  to  cover  extra  work  he  may  be  called  upon  to  do.  or  to  cover  possible  changes 
for  which  he  may  not  be  allowed  extras.  Thus  the  owner  may  have  to  pay  more  than  he  should  for  his  structure  or 
if  the  builder  does  not  estimate  enough  for  such  inaccuraoieB  or  discrepancies,  then  he  is  the  loser. 

Sc,  Cost  Plus  Percentage  Contracts. — Due  to  the  facts  just  outlined,  the  cost 
plus  percentage  form  of  contract  has  grown  in  favor  during  the  past  decade.  Under  it,  the 
owner  pays  the  cost  of  the  work ;  that  is,  all  materials,  supplies,  and  labor.  Upon  this  cost  he 
pays  the  contractor  or  builder  an  agreed  upon  percentage.  Tools  and  machines  are  rented 
to  the  owner  and  figured  in  this  cost  of  the  structure.    The  percentage  paid  is  supposed  to 
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cover  the  builder's  own  services,  the  knowledge  and  organization  he  brings  to  the  job,  and  his 
profit. 

Under  this  contract,  every  incentive  is  given  the  builder  to  do  expensive  work  and  run  up  the  eoat  of  the  stroe- 
ture,  for  the  larger  the  coet  the  greater  will  be  the  percentage  paid  him.  Thus  a  building  estimated  to  ooat  9100,000 
will  net  the  builder  more  profit  if  he  makes  it  coet  $125,000.  Many  disagreements  have  occurred  over  eontraeti 
under  this  form  due  to  the  belief  that  contractors  have  increased  their  cost  purxx>sely. 

Zd,  Cost  Plus  a  Fixed  Fee  Contracts. — To  overcome  this  belief  and  also  certain 
objections  outlined  under  unit  prices  and  lump  sum  forms  of  contracts,  cost  plus  a  fixed  fee 
type  of  agreement  has  grown  in  favor  both  with  architects  and  contractors.  Under  it  the 
owner  pays  all  costs  as  in  the  last  named  form,  but,  instead  of  paying  a  percentage,  hepa3r8the 
builder  a  fixed  fee  previously  agreed  upon.  To  arrive  at  this  sum,  a  general  estimate  of  the 
cost  is  made  and  with  this  as  a  basis,  a  flat  fee  is  agreed  upon. 

No  matter  whether  the  actual  coet  is  less  or  greater  than  the  estimated  coet,  the  contractor's  fee  remMU 
unchanged.  Under  this  form  of  contract,  the  architect  noay  not  even  have  started  his  plans  when  the  builder 
begins  his  excavation.  Thus  plans  can  be  made  as  the  work  progresses  and  unlimited  changes  can  be  made  in  either 
the  plans  or  specifications.     The  owner  can  purchase  the  materials  or  have  the  builder  do  so. 

Many  of  the  objections  to  other  forms  of  contracts  disappear  under  this  one.  The  builder's  reputation  and  Ui 
desire  to  obtain  other  work  from  the  owner,  should  cause  him  to  do  economical  work,  unless  he  b  working  at  the 
same  time  on  jobs  based  upon  the  unit  or  lump  sum  form  of  contract.  Then  it  is  but  natural  for  the  builder  to 
use  his  best  men  and  machines  upon  the  contract  where  he  can  save  money  and  add  to  his  profit,  and  his  poorest 
upon  the  contract  where  his  fee  is  fixed. 

Ze.  Cost  Plus  a  Scale  of  Fees  Contracts. — There  are  two  variations  of  the  cost  plus 
a  scale  of  fees  form  of  contract.  The  prevalent  form  is  to  arrange  a  schedule  showing  probable 
costs,  and  set  a  scale  of  percentages  or  fixed  fees  to  be  paid  upon  the  scale  or  schedule  of  costs. 
This  was  the  form  of  contract  used  almost  exclusively  by  the  War  Department  of  the  national 
government  for  the  extensive  program  of  construction  carried  on  during  the  World's  War. 

A  second  variation  of  the  coet  plus  a  scale  of  fees  form  of  contract  is  that  for  which  a  fixed  fee  is  set  for  an 
estimated  amount  of  work,  and  then  a  rising  scale  agreed  upon  for  each  SIOOO.  SIO.OOO,  or  $100,000  saved  over  thii 
estimated  cost,  and  declining  scale  for  each  SIOOO,  $10,000,  or  $100,000  expended  over  the  estimated  eost,  ^^^j^gy 
however,  a  minimum  fee  that  is  assured  to  the  contractor. 

With  this  form  of  contract  the  builder  is  penalised  for  running  up  costs,  whether  he  is  at  fault  or  not,  while  he 
earns  a  premium  by  saving  the  owner  money  over  that  of  his  architect's  estimate.  The  greatest  difficulty  is  in 
arriving  at  an  estimated  coet  of  the  work.  This  can  be  done  by  the  owner's  architect  and  the  contractor  asreeing 
upon  an  estimated  cost.  If  these  two  cannot  agree,  they  refer  it  to  an  arbitrator  or  board  of  arbitrators.  If  ohangts 
are  made  or  extra  work  added,  new  estimates  are  agreed  upon  under  supplemental  contracts  or  by  duplieating  the 
original  agreement. 

3/.  Percentage  Contracts. — The  percentage  form  of  contract  likewise  has  two 
variations.  The  first  one,  used  by  some  municipalities,  is  to  have  the  architect  make  up  an  es- 
timate of  the  cost  of  the  structure.  Contractors  then  make  proposals  based  upon  this  estimate 
by  bidding  a  percentage,  as  one  contractor  may  bid  97%  of  the  cost,  another  100%,  and  a  third 
102%,  the  award  being  made  to  the  one  bidding  the  lowest  percentage.  This  is  also  a  variation 
of  the  lump  sum  form  of  contract  as  in  the  end  the  builder  names  a  lump  sum  based  upon  the 
architect's  estimate. 

The  second  variation  is  that  of  a  contractor  bidding  a  percentage  of  the  coet  as  a  fee  for  which  he  is  wHUng  to 
build  the  structure.  The  estimated  coet  need  not  be  known  and  plans  may  be  changed,  for  the  percentage  is  paid 
on  the  final  coet.  Here  the  contract  is  awarded  to  the  builder  naming  the  smallest  percentage.  This  fcMrm  of 
contract  varies  from  the  coet  plus  a  percentage  form  only  in  the  method  in  arriving  at  the  percentage.  In  one,  tlie 
owner  and  builder  agree  upon  the  percentage,  while  in  the  last  form,  the  builder  bids  and  names  his  percentage  in  Ul 
proposal,  the  owner  accepting  the  lowest  percentage  bid. 

4.  General  Contractor. — The  builder  awarded  the  contract  for  the  complete  stmcture  is 
known  as  the  general  contractor.  He  is  the  one  to  whom  the  owner  looks  for  results.  It  is 
customary  on  all  public  work  and  also  on  many  private  jobs,  for  the  general  contractor  to  give 
bond  for  the  faithful  performance  of  the  contract,  and  to  hold  the  owner  free  from  patent  suits, 
as  well  as  to  furnish  guarantee  bonds  for  one  year  or  more  for  such  work  as  is  customary  to 
guarantee. 
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The  general  contractor  may  do  the  greater  part  of  the  construction  with  liis  own  forces,  as  a  rule  doing  the 
carpenter  work,  and  possibly  the  brick  work,  but  in  most  cases  the  various  classes  of  construction  are  sublet  to 
subcontractors  who  are  specialists  in  their  respective  lines. 

6.  Subcontractors. — The  general  parts  of  buildings  sublet  are:  foundations,  brick  work, 
steel  construction,  metal  work,  such  as  cornices,  skylights,  etc.,  plastering,  painting,  plumbing, 
and  heating,  electrical  work,  elevators,  marble  work,  stone  masonry,  tiling,  roofing,  and  other 
special  kinds  of  construction.  Mill  work  and  materials  are  always  sublet  unless  the  general 
contractor  happens  to  be  a  dealer  or  manufacturer  of  such  materials. 

Thus  on  a  large  building  there  may  be  the  general  contractor  and  from  ten  to  twenty 
subcontractors.  The  owner  knows  the  subcontractor  only  through  the  general  contractor,  and 
dealing  with  the  subcontractor  by  the  owner  and  his  architect,  comes  through  the  general  con- 
tractor. The  general  contractor  is  paid  by  the  owner  and  he  in  turn  pays  his  subs.  The  gen- 
eral contractor  at  his  option  demands  a  bond  of  the  subcontractor  and  such  guarantee  as  he 
must  make  to  the  owner. 

Contract  agreements  generally  stipulate  that  subcontracts  can  be  made  only  with  the  approval  of  the  architect. 
The  form  of  contract  used  between  the  general  contractor  and  the  subcontractors  will  depend  upon  the  form  used 
between  the  owner  and  the  general  contractor.  In  most  cases,  it  is  a  duplication  of  the  form,  as  with  a  lump  sum 
contract,  the  same  form  is  used  with  the  subcontractor.  A  percentage  contract  is  duplicated  in  the  same  mannert 
but  in  such  cases,  the  general  contractor's  percentage  may  be  reduced  upon  the  work  done  by  the  sub.  At  timeSt 
even  with  a  percentage  or  fixed  fee  contract,  the  owner  elects  to  have  the  subcontractor  do  his  work  for  a  lump 
sum  including  in  it  his  profit.  He  then  treats  such  sum  as  the  cost  to  the  general  contractor  and  pays  him  his  fee  or 
percentage  upon  it. 

It  is  customary,  except  where  the  owner  furnishes  all  materials,  for  each  subcontractor  to  furnish  the  "*fttl»riitlle 
he  uses;  thus  his  prices  cover  both  materials  and  labor  as  do  those  of  the  general  contractor. 

6.  Departments  in  Contracting. — Some  general  contractors  instead  of  subletting  various 
lines  of  work,  do  most  of  these  themselves  by  purchasing  materials  and  employing  men  exper- 
ienced in  the  various  lines.  Thus  under  competent  heads,  departments  are  organized  and  most 
of  the  subcontractors  are  eliminated. 

By  departments  of  this  character,  contractors  are  doing  foundation  work,  concrete  construction,  plumbing, 
heating,  brick  work,  and  many  other  classes  of  construction. 

One  advantage  of  these  departments  is  to  assist  in  building  up  a  strong  contracting  organisation  and  to  be 
sble  to  take  subcontracts  thus  keeping  all  departments  busy  whether  the  general  contractor  needs  every  department 
on  hii  own  work  or  not. 

7.  Quantities  of  Work. — In  order  to  make  up  estimates  of  the  cost  of  any  building  or 
structure,  either  by  the  architect  or  the  builder,  the  quantities  of  the  various  kinds  of  work 
to  be  done  must  be  taken  off  the  plans.  (It  is  possible  to  estimate  roughly  the  cost  of  certain 
types  of  structures  by  appl3dng  a  guess  price  to  that  area  occupied,  the  cubical  contents,  or  by 
other  rules.     Accurate  costs  must  be  figured  from  quantities.) 

Such  quantities  are  taken  off  the  architect's  plans  and  from  items  mentioned  in  the  speci- 
fications. The  job  is  a  tedious  one,  and  for  any  size  structure,  consumes  much  time.  These 
lists  are  known  as  schedules.  It  would  seem  natural  that  the  architect  should  be  the  one  to  make 
up  such  schedules  as  he  has  had  the  drawings  and  plans  made  from  his  own  design  and  has 
drawn  up  the  specifications;  consequently,  he  knows  exactly  what  he  has  specified.  In  spite  of 
this,  the  architect  seldom  makes  up  any  such  schedules;  and  furthermore,  he  shifts  the  re- 
sponsibility of  same  upon  the  contractor.  He  goes  even  further  and  throws  the  blame  for 
errors,  omissions,  and  discrepancies  upon  the  builder.  Many  quotations  from  building  speci- 
fications could  be  given  to  show  the  position  of  architects  in  these  matters. 

It  is  in  mft^"g  up  these  schedules  of  quantities  that  the  completeness  and  accuracy  of  the  architect's  drawings 
are  tested.  It  is  a  surprising  fact  how  few  are  complete  or  accurate,  yet  contractors  are  not  in  a  position  to  protest, 
for  if  they  do,  the  architect  simply  drops  such  contractors  from  his  list,  thus  depriving  them  of  the  privilege  of 
bidding.  These  things  are  not  only  an  injustice  to  the  contracting  profession  but  likewise  upon  the  architect's 
client,  the  owner,  for  he  is  sTire  to  pay  more  for  his  work  when  there  are  uncertain  features  about  it.  There  is  great 
need  of  reform  in  connection  with  these  conditions  of  contracting.  Although  some  blame  can  be  placed  upon 
builders,  the  greater  part  of  it  lies  at  the  door  of  the  architect  who  is  unwilling  to  assume  any  responsibility  or  ad" 
ditional  expense  as  long  as  he  works  for  feea. 


1072  HANDBOOK  OP  BUILDING  CONSTRUCTION  [Sm.  M 

8.  Quantity  Survejriiig* — The  act  of  making  schedules  of  quantities  is  known  as  quantity 
surveying.  If  this  survey  is  made  up  accurately  and  furnished  to  both  the  owner  and  to  con- 
tractors making  proposals,  there  is  little  question  but  that  the  minds  of  the  two  parties  to  the 
contract  will  meet  upon  definite  and  accurate  information,  making  a  closer  and  more  eoonomi- 
oal  contract  than  when  the  contract  is  based  upon  insufficient  data. 


This  fact  has  been  recognised  in  England  and  parts  of  Europe  from  which  source  the  making  of  quantity  i 
veys  has  been  brought  to  us.  It  b  now  possible  in  some  of  our  largest  cities  to  get  this  survesdng  done  by  a  thiid 
party.  Companies  are  offering  their  services  to  owners  and  contractors  to  make  these  surveys,  guaranttming  the 
quantities  according  to  the  plans  and  speoiflcations  so  that  any  material  or  work  that  is  not  in  the  achednles,  ii 
treated  as  extra  work.       , 

These  schedules  are  not  only  used  by  the  owner,  lus  architect,  and  the  general  contractor,  but  also  by  the  sab- 
oontractors.  In  many  cases,  they  mean  the  saving  of  plans  and  the  chance  of  obtaining  more  bids  and  greater  eooi- 
petition,  for  subcontractors  frequently  cannot  obtain  plans  if  they  are  in  distant  cities  or  have  not  time  to  take  off 
quantities,  while  from  the  schedules,  estimates  can  be  made  and  mailed  to  the  bidders. 

9.  Extra  Work. — All  work  called  for  by  changes  or  not  specified  in  the  original  drawings 
and  specifications,  is  termed  extra  work.  As  this  was  not  included  in  the  original  price,  it 
must  be  paid  for  as  an  extra. 

There  are  two  methods  of  paying  for  such  work.  One  is  by  agreeing  to  a  price  for  each  lot  of  work  and  tht 
other  is  to  do  it  by  the  i>ereentage  method;  that  is,  cost  plus  a  i>ercontage,  this  last  being  the  method  in  comraoa 
use.  Bilb  for  such  extra  work  must  be  rendered  to  the  architect  for  his  approval,  after  which  they  are  paid  hf 
the  owner.  Disputes  often  occur  over  extra  work  because  of  the  belief  that  many  contractors  swell  the  cost  of  tbs 
various  items  that  go  to  make  up  the  bills.  For  this  reason,  builders  should  give  the  owner  every  facility  for  cheek- 
ing up  his  bilb.  both  as  to  materials  and  labor. 

10.  Construction  Bfaterials. — As  a  rule,  construction  materials  are  purchased  by  the  con- 
tractors and  are  not  paid  for  by  the  owner  until  they  are  put  in  place.  Under  some  con- 
tracts, materials  are  paid  for  in  part  when  delivered,  and  are  finally  paid  for  as  a  whole  after 
being  placed. 

In  some  cases,  the  owner  purchases  the  materials  and  the  contractor  stores,  cares  for,  and 
places  them.  In  both  cases,  whether  purchased  by  the  contractor  or  the  owner,  the  contractor 
is  held  responsible  for  them. 

If  the  owner  purchases  the  materials,  it  is  necessary  for  the  contractor  to  charge  a  percentage  of  the  eost  to 
oorer  the  storage,  handling,  insurance,  responsibility  of  preventing  them  from  being  stolen,  etc.  If  this  is  not 
done,  the  contractor  is  liable  to  sustain  a  loss  upon  that  part  of  the  work. 

If  the  construction  is  being  done  under  either  the  cost  plus  a  percentage  or  scale  of  fees  form  oi  oontraet, 
the  eost  of  the  material,  even  when  purchased  by  the  owner,  is  used  to  calculate  the  fee  or  commission  earned  by  the 
contractor,  unless  it  be  especially  stipulated  that  the  commission  is  figured  only  upon  the  labor  costs.  The  gen- 
eral custom  of  the  contractor  purchasing  the  materials,  is  the  one  favored  by  builders  and  many  contraoton  wiQ 
not  bid  upon  jobs  for  which  the  owners  purchase  the  construction  materials. 

11.  Plans  and  Specifications. — The  plans  and  specifications  are  made  up  by  the  architect 
except  when  a  contractor  agrees  to  get  up  plans  and  specifications  for  the  owner  in  addition  to 
doing  the  construction,  thus  saving  the  fees  of  the  architect.  However,  this  is  not  a  common 
practice  except  for  small  buildings,  alterations,  and  work  in  the  country  on  building  bams  and 
other  farm  structures. 

For  steel  construction  and  concrete  buildings,  contracts  generally  specify  that  the  contractor  must  furnish 
the  detail  working  drawings,  the  owner  furnishing  only  the  general  plan,  loads,  and  such  data,  so  that  the  contrail 
tor  can  have  his  details  worked  up.  If  this  work  is  done  by  a  subcontractor,  the  general  contractor  shifts  tbs 
responsibility  for  these  working  drawings  upon  the  sub. 

Owners  and  architects  are  not  liberal  in  furnishing  plans  to  contractors  for  estimating.  They  have  lists,  exeept 
for  public  work,  of  contractors  whom  they  invite  to  bid  and  will  not  give  plans  to  anyone  except  those  on  their 
lists.  It  b  also  becoming  a  common  practice  to  make  contractors  pay  for  copies  of  plana  or  to  demand  a  deposit  of 
from  $10  to  $100  for  a  set  of  plans.  This  money  is  returned  to  the  contractors,  other  than  the  successful  bidder, 
when  a  bid  is  made  or  upon  the  return  of  the  plans. 

12.  Changes  in  Plans. — The  right  is  always  reserved  in  the  specifications  to  allow  the  owner 
to  make  such  changes  in  the  plans  and  specifications  as  he  may  see  fit.  For  public  work,  no 
public  officer  has  the  authority  to  change  the  specifications,  but  the  plans  may  be  changed. 
There  is  no  injustice  to  the  contractor  if  some  minor  change  is  made,  but  to  make  drastic  changes 
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(except  under  the  cost  plus  a  percentage  or  fee  form  of  contract)  results  in  a  hardship  for  the 
builder  unless  the  proper  allowance  is  made  or  the  change  is  treated  as  extra  work. 

At  times  changes  are  made  that  entirely  alter  the  character  of  the  construction,  so  that  a 
new  contract  should  be  made.  To  make  changes  and  then  attempt  to  throw  the  responsibility 
for  them  upon  the  builder,  as  well  as  the  extra  cost,  is  wrong. 

In  making  plans  for  foundations,  it  is  sometimes  the  custom  to  show  a  certain  depth  at  which  suitable  founda- 
tions may  be  secured,  and  then  to  ask  for  unit  prices  to  cover  any  additional  depth  to  which  the  work  must  be 
carried,  this  being  paid  in  addition  to  the  lump  sum  price.  A  unit  price  is  also  asked  for  any  deduction  from  the 
quantities  shown  on  the  plans  should  it  be  found  advisable  to  go  to  a  less  depth.  This  is  a  fair  method  of  covering 
certain  kinds  of  changes  in  plans. 

Even  at  the  best,  disputes  are  likely  to  occur  over  changes  in  plans.  It  is  alwasrs  advisable  to  give  the  m^lr^ng 
of  all  plans  careful  and  mature  consideration  in  order  that  the  number  of  changes  may  be  kept  to  the  minimum. 

13.  Arbitration. — Disputes  will  often  arise  over  construction  contracts  with  resultant 
lawsuits.  When  such  occur,  highly  technical  subjects  and  the  ethics  of  construction  are 
carried  before  a  jury  and  court  that  know  little,  if  anything,  of  such  matters;  therefore,  these 
things  only  become  confused  in  their  minds,  and  courts,  instead  of  dispensing  justice,  dispense 
law.  To  overcome  this,  arbitration  is  being  used  in  connection  with  suits  over  construction. 
Arbitration  has  no  legal  standing  under  our  laws  and  before  our  courts  though  in  European 
countries  it  has.  Contractors,  through  their  various  organizations,  should  work  to  have  a  legal 
status  given  to  arbitration. 

The  advantage  of  arbitration  over  the  courts  b  that  men  trained  in  construction,  listen  to  disputes,  and  knowing 
every  phase  of  the  subject,  quickly  see  the  injustice  to  one  party  and  thus  render  a  just  decision.  Time  and  ex- 
pense are  both  saved  in  explaining  technical  subjects,  as  arbitrators  chosen  from  the  profession  are  familiar  with 
■uch  things. 

It  is  possible  for  every  construction  contract  to  contain  a  paragraph  setting  forth  that  dbputes  must  be  settled 
by  arbitration,  stating  the  number  of  arbitrators  and  the  method  of  selecting  and  paying  them.  Explicit  rules 
can  also  be  laid  down  for  hearings  and  investigations  so  that  every  dispute  may  be  handled  promptly  and  gone 
into  thoroughly.  Each  party  to  the  contract  should  bind  himself  to  accept  and  stand  by  the  decision  of  the  arbi- 
trators.    This  is  not  legally  binding  but  it  will  in  most  cases  bring  satisfactory  results. 

14.  Architect's  Contracts.^ — The  architect  for  a  building,  except  in  cases  where  the  archi- 
tect is  employed  on  a  yearly  salary,  is  employed  by  contract  by  the  owner  and  is  generally 
paid  a  commission  upon  the  cost  of  the  work,  although  at  times  a  flat  fee  is  agreed  upon. 
Even  if  there  is  not  a  written  agreement,  an  oral  contract  is  generally  made.  Two  services 
are  covered  in  these  contracts:  (1)  getting  up  the  specifications  and  plans,  and  (2)  supervising 
the  construction. 

For  some  public  buildings,  large  bridges,  and  memorials,  prize  competitions  are  held  to 
obtain  the  best  designs  from  architects.  The  first  prize  carries  with  it  the  prize  money,  pay- 
ment for  the  plans,  and  supervision  of  the  construction.  The  other  plans  submitted  may 
secure  a  prize  but  nothing  else. 

Architects  are  also  asked  at  times  to  compete  in  making  jdans  but  inasmuch  as  this  entails  much  work  with 
little  chance  of  compensation,  few  well  established  architects  will  enter  such  competitions.  In  most  eases,  arehi* 
teets  must  depend  upon  their  recognised  ability,  their  experience,  and  their  acquaintances  to  obtain  jobs. 

Some  architects  have  a  standard  form  of  contract  to  use  with  their  clients.  Others  set  forth  by  letter  to  their 
clients  what  services  they  will  render  and  their  rate  of  compensation,  the  client  accepting  the  offer  by  letter.  Either 
method  is  considered  a  legal  agreement  under  which  an  architect  can  recover.  An  architect  who  looks  after  his 
own  contract  with  his  client  in  the  proper  manner  is  likely  to  make  the  proper  kind  of  a  contract  with  the  builder 
in  behalf  of  the  owner  and  be  fair  to  both  parties. 

^  See  also  Sect.  3. 


68 


SECTION  5 

SPECIFICATIONS 

By  Daniel  J.  Hauer 

The  specifications  covering;  any  construction  work  are  the  most  important  of  all  things  in 
connection  with  any  job.  They  mean  good  or  indifferent  work,  expensive  or  cheap  oooatmo- 
tion,  the  wasting  of  money  or  economical  construction,  the  placing  of  hardships  upon  either 
the  owner  or  builder,  and  can  prevent  or  lead  up  to  lawsuits.  Both  thought  and  time  should 
be  given  to  their  preparation. 

1.  Specifications  Should  Be  Definite. — The  first  consideration  for  any  specifications  is 
to  have  them  written  for  the  job  at  hand  and  not  copy  them  from  some  other  job.  Many 
architects  do  copy  their  specifications  either  from  those  prepared  by  others  or  from  those  used 
by  themselves  for  other  jobs.  At  times  some  great  misfits  occur  by  this  haphazard  practice. 
Specifications  covering  frame  buildings  have  been  used  for  brick  structiures  only  by  adding 
articles  on  brick  work. 

It  is  not  necessary  that  every  detail  be  written  for  each  job.  Brick  work  and  the  general 
conditions  governing  it  can  be  the  same  on  every  job;  so  it  can  be  with  concrete  and  wood  woik; 
in  fact,  most  of  the  general  lines  can  be  standard  simply  adding  the  necessary  things  for  each 
particular  job.  By  this  method,  much  work  can  be  saved  in  getting  up  specifications.  Under 
no  circumstances  should  special  clauses  be  inserted  unless  meant  to  cover  the  particular  work 
to  be  done. 

Then  too,  all  speciiicationB  should  be  definite;  ambiguous  clauses  should  be  eliminated.  Ezpreasions,  ludi  •■ 
*'the  owner  will  designate  the  style  of  fixtures,"  or  "as  the  architect  may  direct,"  or  "the  number  of  panels  will  be 
designated  by  the  owner  or  the  architect"  should  be  excluded.  Decisions  as  to  what  is  to  be  specified  should  be 
made  before  writing  up  specifications,  and  when  this  cannot  be  done,  certain  things  should  be  provided  for  in  a  defi- 
nite manner  and  also  provide  for  an  alternate.  To  be  definite  means  to  save  money  and  secure  the  confidenoe 
of  builders;  it  also  prevents  lawsuits.     Specificationa  which  are  not  clear  add  to  costs  and  lead  to  lawsuits. 

2.  Forms  of  Specifications. — There  are  many  forms  of  specifications;  some  are  made 
up  as  a  pamphlet  or  book;  others  are  in  the  form  of  a  legal  brief;  others  consist  of  a  set  of  blue- 
prints fastened  together  at  one  end;  while  short  specifications  may  be  in  the  form  of  a  letter. 
There  is  always  a  demand  from  some  people  for  a  standardization  of  any  kind  of  document, 
going  into  shape,  and  size,  and  even  the  kind  and  size  of  type.  This  may  be  desirable,  but 
there  are  many  reasons  why  architects  are  not  likely  to  adopt  any  standard.  One  is  the  cost, 
especially  for  small  jobs  and  short  specifications,  and  another  is  the  loss  of  the  architect's 
individuality  in  any  standardization.  A  reputable  and  successful  firm  wishes  to  distinguish 
itself  from  others  by  the  character  of  the  work  that  comes  from  its  office.  Each  architect 
should  have  a  standard  for  himself  but  his  need  not  conform  to  another's  standard.^ 

The  following  general  form  can  be  followed  or  a  standard  can  be  devised  from  the  memoraii!- 
amn  here  given: 

The  Cover. — The  cover,  both  front  and  back,  may  have  on  it  the  name  of  the  structure  and  also  that  of  the 
architect.  This  may  be  simple  or  quite  elaborate,  giving  individuality  to  the  si>ecifications  and  also  serving  ss 
an  advertisement  for  the  architect. 

Photographs. — The  first  page  may  have  on  it  an  elevation  or  from  one  to  three  elevations  showing  the  com- 
pleted structure.  This  is  not  a  necessity  but  it  adds  to  the  appearance  of  the  specifications  and  distinguishes  them 
from  others.  These  elevations  may  be  reproductions  from  wash  drawings  or  pen  or  pencil  sketch,  or  white  or  bhie 
print  reduced  in  size  from  the  architect's  drawings,  or  a  copy  of  the  drawings  in  a  reduced  scale  may  also  be  used 
here. 

1  A  standard  form  of  contract  and  spocificaton  adopted  by  the  American  Institute  of  Architects  can  be  ob- 
tained from  them  for  a  small  price.    Address,  The  OcUgon,  Washington.  D.  C. 

1074 


Sec  5-2]  SPECIFICATIONS  1076 

AdvertUtment.-^On  the  next  i>age  should  appear  the  advertisement  for  the  bids.  If  an  official  advertisement 
is  published  in  any  paper,  a  copy  of  it  may  appear  on  this  page,  but  as  on  many  private  jobs  such  advertisements 
are  not  used,  on  this  page  may  appear  the  conditions  of  biddings  and  a  statement  of  the  time  and  manner  in  which 
proposals  will  be  received. 

Copyrighl. — On  the  reverse  side  of  this  page,  the  date  and  ownership  of  the  copyright  of  the  specifications  may 
app^u*  should  the  architect  wish  to  protect  his  work  by  copyright.  Generally  speaking,  unless  specifications  are 
printed,  only  one  side  of  the  sheet  should  be  used  so  as  to  keep  the  reading  clear  cut  and  also  to  prevent  the  con- 
fusion of  figures  and  abbreviations  as  may  happen  when  marks  and  signs  show  through  the  sheets. 

Propotal. — Following  the  advertisement  should  come  the  proposal  form.  A  note  or  page  should  set  forth  that 
bids  will  not  be  received,  or  will  be  considered  informal,  unless  submitted  upon  the  proposal  form.  If  it  is  desired, 
the  page  or  pages  of  the  proposal  may  be  on  perforated  sheets  so  that  they  can  be  detached  and  submitted  separ- 
ately. However,  it  is  good  practice  to  have  the  proposal  sheets  bound  in  the  specifications  so  that  they  will  be 
returned  as  part  of  the  contract  agreement  and  specifications  and  thereby  help  to  make  up  the  complete  set  of 
papers.  Ample  room  should  be  provided  to  allow  for  signatures  and  seals  of  corporations  as  well  as  to  give  in- 
formation as  to  those  interested  in  the  firm  or  corporation  of  contractors  or  builders. 

Bond. — Following  the  proposal  should  come  the  form  of  bond  for  the  faithful  completion  of  the  contract. 
This  bond  or  additional  ones  may  be  made  to  cover  guarantees,  damage  to  surrounding  property,  fire  and  wind 
risks,  suits  for  royalty  or  for  infringement  of  patent  rights,  and  other  features  for  which  bonds  are  given. 

The  cost  of  a  construction  bond  is  not  based  upon  the  amount  of  bond  demanded,  but  upon  the  total  cost  of  the 
work,  so  there  is  no  reason  to  stipulate  that  bond  for  $10,000  or  for  half  the  amount  of  the  contract  shall  be  given. 
The  proper  method  should  be  to  state  that  bond  to  cover  the  amount  of  the  job  will  be  provided. 

Contrad. — The  next  thing  should  be  the  contract  form  or  agreement.  This  should  be  as  short  as  possible,  and 
explicit  and  definite,  setting  forth  the  parties  to  the  contract,  their  rights  and  what  each  agrees  to  do.  A  blank 
space  should  be  provided  to  list  the  contract  drawings  and  plans  and  likewise  the  general  conditions  of  the  proposal, 
bond,  contract  and  specifications.  Should  these  be  numbered  according  to  paragraphs  or  pages,  reference  should 
be  made  to  the  numbers  included  within  the  covers  that  are  meant  to  govern  the  work.  The  listing  of  the  drawings 
and  specifications  is  essential  in  order  to  make  them  an  integral  part  of  the  contract.  At  the  end  of  the  contract 
form,  space  must  be  provided  for  the  signatures,  seals,  and  witnesses  of  the  parties  to  the  contract. 

Qeneral  Conditions. — Immediately  following  the  contract  should  be  the  general  conditions  of  the  contract 
governing  the  work. 

Principals  and  Definitions. — The  principals  are  shown  by  the  agreement,  but  under  this  head  can  be  given  their 
legal  rights  and  any  definitions  to  make  the  contract  clear. 

Execution  and  Intent. — These  paragraphs  are  self-explanatory. 

Architect* s  and  Engineer's  Statiu. — The  standing  and  responsibility  of  these  parties  should  be  set  forth  in  detail. 

Architect's  and  Engineer's  Decisions. — Under  this  heading  is  given  the  finality  of  the  decisions  of  these  officials. 

Contractor ^  Superintendent^  Etc. — Here  the  standing  of  the  contractor,  his  superintendent,  and  foremen,  is  set 
forth;  also  stating  that  some  responsible  parties  will  alwasrs  be  present  to  receive  the  orders  and  instructions  of  the 
architect. 

Time  Limits. — Tell  when  the  work  must  be  started,  of  the  progress  to  be  made,  and  the  limit  for  completion. 

Detail  Drawings^  Instructions. — This  covers  these  subjects  and  tells  who  must  pay  for  the  detail  drawings. 

Sursey. — Tells  who  is  to  make  the  survey  and  pay  the  cost,  and  who  is  responsible  for  the  drawing  up  of  the 
necesaary  certificate. 

Materials. — The  furnishing,  storing,  care  and  responsibility  of  all  materials. 

Labor  Utilities. — ^List  the  utilities  to  be  furnished  for  the  laborers  and  state  who  is  to  pay  the  cost. 

Permits. — Tell  who  must  obtain  and  pay  for  all  necessary  permits,  ordinances,  etc. 

Inspection. — Cover  all  inspection,  and  give  the  status  of  inspectors. 

Protection  of  Work  and  Properties. — This  is  self-explanatory. 

Damage  or  Injury  to  Persons. — This  heading  is  likewise  self-explanatory. 

Insurance. — Set  forth  the  carrying  of  compensation  insurance  for  laborers,  fire  insurance,  and  any  other  risks 
that  are  to  be  covered  by  insurance. 

Bonds. — Tell  what  bonds  are  to  be  furnished  and  who  is  to  pay  the  premiums. 

Payments. — Tell  of  payments  to  be  made  as  the  work  progresses  and  the  date  of  each,  as  well  as  the  time 
at  which  the  owner  must  pay  the  retained  percentage  and  final  estimate. 

Retained  Percentage. — Tell  what  percentage  of  the  progress  payments  is  to  be  held  until  the  job  is  completed. 

Changes  in  Plans  and  Work. — This  provides  for  the  making  of  desired  changes  together  with  their  costs. 

Additions. — This  follows  the  changes. 

Deductions. — This,  like  the  additions  in  quantities  of  work,  comes  in  at  this  point. 

Extras. — Naturally  follow  here.     Tell  of  the  method  of  payment. 

Liens. — Cover  how  the  owner  shall  be  protected  from  liens. 

Royalties  on  PtUents. — Set  forth  who  shall  pay  these  and  the  protection  that  the  owner  desires. 

Use  of  Premises. — Tell  how  the  contractor  may  use  the  owner's  premises  and  the  care  that  must  be  taken  of 
the  property. 

Cleaning  Up. — Tell  that  the  builder  must  clean  up  the  property. 

Delays. — Cover  delays  to  the  work  and  the  responsibility  for  same,  and  stipulate  how  delays  will  effect  the 
time  limit. 

Terminating  Contract. — Tell  how  the  contract  may  be  terminated. 

Subamtraetors. — Set  forth  how  subcontracts  may  be  made,  the  approval  of  all  subcontractors,  and  their 
status. 
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AtngnmenU. — Cover  aatignments  of  the  contract  and  subcontracts. 

Arbitration, — Set  forth  how  disputes  are  to  be  settled  by  arbitration. 

Office. — Tell  that  the  builder  must  maintain  an  office  on  the  job  equipped  with  a  telephone  and  tbat  pbuM  and 
specifications  must  be  on  file  in  this  office. 

Sanitation  and  Drainage. — Cover  temporary  sanitation  and  drainage  until  job  is  finished. 

Temporary  Connection  wtth  Pipee,  Etc. — Tell  how  these  must  be  made  and  at  whose  expense. 

Specifieatione. — Under  this  heading  come  the  detaib  of  all  the  classes  of  work  to  be  done,  the  principal  kinds 
being  listed  as  follows:  excavation,  foundations  and  footings,  stone  masonry,  concrete,  mortar,  brick  work,  tsna 
cotta,  hollow  tiles,  fireproofing,  floors,  steel  and  iron,  galvanised  metal,  copper,  metal  flashing,  roofs,  psirtitMos, 
lathing  and  plastering,  wallboard,  ceilings,  carpenters*  and  jointers'  work,  mill  work,  painting,  glaring,  oorajsib 
exterior  finish,  hardware,  plumbing,  heating,  lighting,  elevators,  spedals  of  all  kinds,  and  altematea. 

Additional  classes  of  construction  and  the  finish  of  the  various  work  or  the  placing  of 
machinery  and  other  features,  can  all  be  covered  under  specials. 

At  the  end  of  the  specifications  space  should  be  provided  for  the  builder  to  sign  the  spedfi- 
cations  in  the  presence  of  witnesses.  Over  this  signature  should  be  a  short  statement  aettiiig 
forth  that  the  builder  has  read  the  specifications  from  page  one  to  page  (the  last  page  inchi8ive)i 
or  if  the  pages  are  not  numbered  but  the  paragraphs  are,  then  use  the  numbers  of  the  pank 
graphs.  This  signing  of  specifications  prevents  the  contractor  from  saying  he  has  not  seen  or 
does  not  know  certain  provisions  of  the  specifications  or  general  terms  of  the  contract.  Some 
few  architects  go  farther  than  this  and  have  the  contractor  sign  each  page  of  the  sjieeificatioiis 
so  as  to  prevent  pages  from  being  ignored,  lost,  or  destroyed.  This  may  be  going  to  extremee, 
but  it  is  always  advisable  to  have  the  specifications  signed. 

3.  Contract  Kept  Secret. — It  is  the  part  of  good  business  to  keep  secret  or  private,  the 
contract  part  of  the  agreement,  regarding  prices,  payments,  and  similar  features.  This  prevents 
superintendents,  foremen,  clerks  and  others  from  knowing  too  much  of  the  owner's  and  eon- 
tractor's  business.  For  this  reason,  in  the  outline  of  contract  form  and  specifications  given 
above,  it  is  possible  to  remove  the  proposal  and  agreement  from  the  cover,  keeping  in  it  the 
general  conditions,  other  features,  and  specifications  for  use  among  employees. 

4.  Schedules  of  Materials  and  Work. — Following  the  aUerruUes  in  the  specifications,  it  is 
possible  to  give  the  schedules  of  materials  as  taken  from  the  drawings  and  specifications. 
(Only  recently  the  writer  saw  such  schedules  attached  to  the  specifications.)  This  allows  the 
contractor  to  know  definitely  what  the  owner  and  architect  desire  as  to  grades  and  qualities. 
It  is  also  a  check  upon  the  plans.  A  builder  can  easily  check  up  such  a  schedule  from  the 
drawings  and  specifications.  Such  schedules  of  materials  also  allow  the  contractor  to  obtain 
prices  quickly  while  he  is  estimating  on  the  job  instead  of  receiving  some  prices  after  the  pro- 
posal is  submitted. 

Reference  has  already  been  made  as  to  quantity  surveying.  Such  Bur\'^eyB  would  not  only  give  the  schedules 
of  materials  but  also  the  work  or  labor  schedules  which,  if  made  out,  should  follow  the  list  of  materials.  These 
schedules  would  make  the  bidders  have  the  same  knowledge  of  the  job  as  the  architect  possesses,  thus  allowing  closer 
and  more  accurate  estimates  to  be  given. 

6.  Penalties. — Penalties  should  never  be  stipulated  or  mentioned  in  the  contract  or  speci- 
fications. Courts  do  not  look  with  favor  upon  penalties.  Instead,  it  can  be  stipulated  that 
the  contractor  agrees  to  pay  certain  sums  of  money  for  delays  and  other  hardships  placed  upon 
the  owner.     These  are  agreed  upon  by  both  parties  to  the  contract  as  liquidated  damages. 

Certain  sums  are  sometimes  agreed  upon  as  liquidated  damages  for  each  day's  delay  in  finishing  a  job.  This 
is  legal,  but  if  such  damage  to  the  owner  really  occurs,  then  he  is  benefitted  in  the  same  sum  should  the  contractor 
finish  ahead  of  the  stipulated  date.  It  is  but  fair  that  if  the  contractor  pays  for  each  day's  delay,  he  should  be  given 
a  bonus  of  the  same  amount  for  each  day  that  he  finishes  ahead  of  the  contract  time.  Thus  a  forfeit  and  bonus 
contract  should  be  made. 

6.  Material  Standards  in  Specifications. — ^Today  many  national  engineering  and  technical 
societies  and  associations  have  adopted  standard  specifications  governing  the  selecting  and 
grading  of  materials  and  work.  There  are  standard  specifications  and  grading  rules  for  lumber, 
cement,  steel,  electric  wiring,  fireproofing,  and  other  lines.  Such  standards  should  be  followed 
in  the  regular  building  specifications,  but  it  is  improper  to  copy  the  long  specification  for  many 
builders  are  not  accustomed  to  the  special  terms,  etc.,  in  them  and  they,  feeling  uncertain, 
protect  themselves  by  adding  a  percentage  to  cover  any  rejections  under  such  specifications. 
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Inateftd  of  oopsrinc  Bueh  ipeeifioataoiui,  it  is  proper  to  mention  them  by  name;  as  the  lumber  must  be  mer- 
chantable stock  as  set  forth  in  the  specifications  of  the  National  Lumbermen's  Association,  and  the  cement  must 
be  according  to  the  standard  of  the  American  Society  of  Testing  Materialst  and  so  on  through  a  long  list.  Any 
contractor  can  obtain  copies  of  such  standards. 

7.  City  Codes. — All  construction  done  in  towns  and  cities  must  conform  to  the  city  codes, 
and  the  jobs  must  be  passed  upon  by  the  city  inspectors.  It  is  necessary  to  have  the  plans  passed 
upon  by  the  building  inspector  and  a  permit  obtained  before  the  job  can  be  started.  If  a  fee 
must  be  paid  for  this  permit,  it  is  customary  for  the  owner  to  pay  it,  although  under  some  speci- 
fications the  cost  of  the  permit  is  placed  upon  the  builder. 

The  builder  must  also  conform  to  the  city  building  regtilations,  the  ordinances  regarding  the  safety  of  pedes- 
trians and  vehicles,  and  those  regulating  the  blocking  of  sidewalks  and  streets. 

8.  Sheets  for  Specifications. — In  writing  specifications  and  having  certain  standards,  it 
becomes  possible  to  cover  the  main  features  of  a  job  with  these  standards.  Thus,  most  of  the 
concrete  construction  can  be  standard,  one  job  being  similar  to  another;  the  carpenter  work  can 
be  the  same;  likewise  floors,  mill  work,  painting,  glazing,  etc.  Now  if  the  specifications  for  each 
class  of  work  or  type  of  construction  are  written  or  printed  upon  separate  sheets,  and  the  various 
standards  not  run  from  one  sheet  or  set  of  sheets  to  another,  it  becomes  yery  easy  to  prepare  a 
set  of  specifications. 

With  the  standard  for  each  class  of  work  printed  upon  one  sheet  or  set  of  sheets,  the  material  for  the  variouP 
kinds  of  construction  can  be  taken  from  a  file  and  placed  together  according  to  the  arrangement  given  in  thte 
section,  or  the  order  adopted  by  the  architect.  Thus  the  greater  part  of  the  contract  form  and  specifications  can 
be  compiled  from  sheets  already  written  or  printed.  Blank  spaces  left  on  the  bottom  of  these  sheets  or  extra  blank 
sheets  placed  in  the  specifications,  will  provide  ample  room  for  writing  out  those  details  that  must  be  special  for 
each  new  job.  In  this  manner,  an  architect's  specifications  will  vary  on  different  jobs  only  for  those  details  that 
must  be  gotten  up  special  for  each  undertaking.    Those  architects  who  have  tried  this  method  consider  it  ideaL 

9.  Onerous  Specifications. — In  concluding,  it  must  be  remembered  that  vague  or  indefi- 
nite conditions  in  a  contract,  and  such  clauses  and  provisions  in  specifications,  especially  for 
architectural  construction,  have  as  much  to  do  with  adding  to  the  cost  as  impractical  and  poorly 
prepared  plans.  Contracts  and  specifications  must  be  fair  and  definite  if  good  work  is  to  be 
done  at  a  reasonable  cost. 
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SECTION  1 


HEATING,  VENTILATION,  AND  POWER 


By  Ira  N.  Evans 


PROPERTIES  OF  AIR,  WATER,  AND  STEAM 

1.  Water. — Water  Is  a  chemical  compound  composed  of  16  parts  by  weight  of  oxygen  and  2 
parts  hydrogen,  or  2  volumes  of  hydrogen  to  1  of  oxygen  (HsO).  It  is  practically  incompressible 
but  its  weight  per  cubic  foot  changes  with  the  temperature  (sec  Columns  1  and  6,  Table  2).  A 
U.  S.  gallon  occupies  231  cu.  in.  and  weighs,  at  62  deg.  F.,  approximately  8.33  lb.,  and  1  cu.  ft. 
=  7.48  gal.  The  boiling  point  of  water  varies  with  the  absolute  pressure  upon  its  surface 
— ^that  is,  every  absolute  pressure  has  a  fixed  boiling  point.  For  example,  212  deg.  F.  is  the  boil- 
ing point  for  a  pressure  of  1  i.7  lb.  The  boiling  point  also  changes  with  altitude  above  sea  level 
due  to  the  reduced  atmospheric  pressure.  The  following  table  gives  the  boiling  point  at  different 
altitudes: 

Table  1. — Boiling  Points  op  Water  at  Different  Altitudes 


Boiling  point 

Altitude  above  sea  level 

Atmoepheric  pressure 

Barometer  reading 

(Fahr.) 

(feet) 

(lb.  per  sq.  in.) 

(inches  of  mercury) 

186° 

14,640 

8.38 

17.06 

190° 

11.800 

0.34 

10.02 

196« 

0.030 

10.30 

21.15 

200* 

6.304 

11.62 

23.47 

206° 

3.642 

12.77 

26.00 

210° 

1.026 

14.13 

28.76 

The  specific  heat  of  water,  or  the  number  of  British  thermal  units  (B.t.u.)  required  to  raise 
the  temperature  of  1  lb.  of  pure  water  1  deg.  F.,  varies  alightly  with  the  temperature,  but  for 
all  purposes  of  heating  it  may  be  taken  at  1  B.t.u.  per  lb.  Table  2  is  a  steam  table  which  gives 
the  boiling  point  for  various  pressures. 
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Table  2. — Thermal  and  Phtbigal  Pbopebties  of  Water  and  Saturated  Steam 

Marks  and  Davis 


Vacuum 

Absolute 

Specific 

Density 

Weight  of 

Heat  of 

Latent 
heat  of 

Total 

Temp. 

(inches  of 

pressure 

volume 

(lb.  per 

liquid 

liquid 

heat  of 

iFahr.) 

mercury) 

(lb.  per 

(ou.  ft 

cu.  ft) 

(lb.  per 

(B.t.u.) 

avapora* 

steam 

Qage  pres- 
sure (lb. 

sq.  in.) 

per  lb.) 

CU.  ft) 

tioQ 
(B.t.u.) 

(B.tu.) 

per  sq.  in.) 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(0) 

32 

20.74 

0.0886 

3204.0 

0.000304 

62.418 

0.00 

1073.4 

1078.4 

35 

20.71 

0.0000 

2038.0 

0.000340 

62.425 

3.02 

1071.7 

1074.7 

40 

20.67 

0.1217 

2438.0 

0.000410 

62.43 

8.05 

1068.0 

1076.0 

45 

20.620 

0.1475 

2033.0 

O.0004«2 
O.OOOJS^ 

62.425 

18.07 

1066.1 

1070.2 

50 

20.560 

0.1780 

1702.0 

62.42 

18.08 

1063.3 

1081.4 

55 

20.464 

0.2140 

1430.0 

0.000700 

62.305 

23.08 

1060.6 

1088.6 

60 

20.40 

0.2562 

1208.0 

0.000828 

62.37 

28.08 

1057.8 

1085.0 

65 

20.30 

0.3054 

1024.0 

0.000077 

62.335 

83.07 

1055.0 

1088.1 

70 

20.18 

0.3626 

871.0 

0.001148 

62.300 

38.06 

1052.3 

1000.8 

75 

20.047 

0.4288 

743.0 

0.001346 

62.260 

43.05 

1040.5 

1002.5 

80 

28.801 

0.505 

636.8 

0.001570 

62.220 

48.03 

1046.7 

1004.8 

85 

28.711 

0.504 

545.0 

0.001832 

62.165 

53.02 

1044.0 

1007.0 

00 

28.503 

0.606 

460.3 

0.002131 

62.110 

68.00 

1041.2 

1000.2 

05 

28 . 265 

0.813 

405.0 

0.002460 

62.055 

62.00 

1038.4 

1101.4 

100 

27.004 

0.046 

350.8 

0.002851 

62.00 

67.07 

1035.6 

1103.6 

105 

27.684 

1.008 

304.7 

0.003282 

61.030 

72.05 

1032.8 

1105.8 

110 

27.331 

1.271 

265.5 

0.003766 

61.860 

77.04 

1030.0 

1108.0 

115 

26.033 

1.467 

231.0 

0.004312 

61.785 

82.02 

1027.2 

1110.2 

120 

26.482 

1.680 

203.1 

0.004024 

61.71 

87.01 

1024.4 

1112.3 

125 

25.074 

1.038 

178.4 

0.005605 

61.63 

02.00 

1021.6 

1114.6 

130 

25.40 

2.210 

157.1 

0.006370 

61.55 

07.80 

1018.8 

1116.7 

135 

24.76 

2.533 

138.7 

0.00721 

61.465 

102.88 

1016.0 

1118.8 

140 

24.04 

2.885 

122.8 

0.00814 

61.38 

107.87 

1013.1 

1121.0 

145 

23.25 

3.277 

100.0 

0.00018 

61.20 

112.86 

1010.3 

1123.1 

150 

22.35 

3.714 

06.0 

0.01032 

61.20 

117.86 

1007.4 

1125.3 

155 

21.37 

4.100 

86.4 

0.01157 

61.10 

122.86 

1004.5 

1127.4 

160 

20.27 

4.737 

77.2 

0.01206 

61.00 

127.86 

1001.6 

1120.5 

165 

10.06 

5.333 

60.1 

0.01448 

60.00 

132.86 

008.7 

1181.6 

170 

17.72 

5.002 

62.0 

0.01614 

60.80 

137.87 

005.8 

1133.7 

175 

16.25 

6.714 

55.7 

0.01706 

60.60 

142.87 

002.0 

1185.7 

180 

14.63 

7.51 

50.15 

0.01004 

60.58 

147.88 

080.0 

1137.8 

185 

12.85 

8.38 

45.25 

0.02210 

60.47 

152.80 

086.0 

1130.8 

100 

10.00 

0.34 

40.01 

0.02444 

60.36 

157.01 

083.0 

1141.8 

105 

8.77 

10.30 

37.04 

0.02700 

60.24 

162.02 

080.0 

1148.8 

200 

6.45 

11.52 

33.6 

0.02076 

60.12 

167.04 

077.8 

1145.8 

205 

3.02 

12.77 

30.53 

0.03276 

60.00 

172.06 

074.7 

1147.7 

210 

1.16 

14.13 

27.8 

0.03507 

50.880 

177.00 

071.6 

1140.6     < 

212 

0.00 

14.7 

26.70 

0.03732 

50.83 

180.00 

070.4 

1160.4 

215 

0.00 

15.6 

25.35 

0.03045 

50.755 

183.00 

068.4 

1151.6 

220 

2.40 

17.10 

23.15 

0.04320 

50.630 

188.10 

065.2 

1158.3     , 

225 

4.21 

18.01 

21.17 

0.04723 

50.500 

103.10 

062.0 

1155.1     ^ 

230 

6.07 

20.77 

10.30 

0.0516 

50.370 

108.20 

058.7 

1156.0 

235 

8.00 

22.70 

17.78 

0.0562 

50.240 

203.20 

055.4 

1158.7 

240 

10.27 

24.07 

16.32 

0.0613 

50.110 

208.30 

052.1 

1160.4 

245 

12.61 

27.31 

15.01 

0.0666 

68.070 

213.40 

048.7 

1162.1 

250 

15.12 

20.82 

13.82 

0.0724 

58.830 

218.50 

045.8 

1168.8 

255 

17.83 

32.53 

12.74 

0.0785 

58.600 

223.50 

041.9 

1166.4 

260 

20.72 

35.42 

11.76 

0.0850 

58.550 

228.60 

038.4 

1167.0 

265 

23.82 

38.52 

10.87 

0.0020 

58.405 

233.70 

034.0 

1168.6 

270 

27.15 

41.85 

10.06 

0.0004 

68.260 

238.80 

031.4 

1170.2 

275 

30.70 

45.40 

0.32 

0.1073 

58.110 

243.00 

027.0 

1171.8 

280 

34.48 

40.18 

8.64 

0.1167 

57.060 

240.00 

024.3 

1173.8 

285 

38.54 

53.24 

8.02 

0.1246 

57.805 

254. JO 

020.5 

1174.7 

200 

42  85 

57.55 

7.46 

0.1341 

57.650 

250.30 

016.0 

1176.2 

202 

44.64 

50.34 

7.24 

0.1380 

57.586 

261.30 

015.4 

1176.8 

205 

47.43 

62.13 

6.04 

0.1441 

57.400 

264.40 

013.2 

1177.6 

207 

48.34 

64.04 

6.74 

0.1483 

67.426 

266.60 

»^    ^W.1 
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Tabuc  2  (wmlinuFd) .^Thermal  and  Physical  Pbopertibs  o»  Watbb  and  Saturated  Steam 


T..nip. 

Ga 

.16. 

DsniJly 

WBi^l  „( 

H«.tol 

Lafnl 
beat  of 

ToIBl 

■team 
(B.t.u,) 

(F»hr.> 

(lb. 

-.)         .q-in.)          prr 

lb.) 

Qb.  pet 

liquid 
(lb.  pep 
DU.  (I.) 

liquid 
(B,t.U,) 

CB.1U.) 

300 

&2 

30            67.00              8 

46 

0.1M7 

57  330 

200  BO 

900.5 

1179  1 

33            09 

03         e 

28 

67  264 

271.60 

305 

67 

0.1659 

67.165 

874.70 

84            74 

34              5 

88 

0.1707 

57.090 

004^3 

M 

97            77 

67              5 

82 

67  000 

279^00 

1181.8 

313 

0.182B 

66  032 

OS 

70            83 

49              S 

38 

0,IB04 

56.830 

285,00 

808 'o 

317 

71 

2              BS 

387.10 

806.6 

1183  6 

320 

0,3038 

66B60 

40            92 

78 

50  688 

202  30 

802.6 

45             06 

305.40 

1185.6 

327 

0.2234 

66  40S 

88 

30          103 

306 

886.3 

91 

2            105 

1B5 

56,228 

302  70 

1187  4 

33i 

0.3478 

66  120 

882.3 

1188,1 

B8 

7            113 

934 

66  048 

880.7 

103 

3            lis 

0,2641 

55  040 

airoo 

1180.3 

3t2 

0.37O9 

55.868 

1180,7 

347 

m 

3            120 
7            129 

SSS 

o;^!^ 

M 

Ml 

318   30 

874.2 
872,8 

1190.4 
1190.0 

350 

o!2902 

65 

570 

4            138 

201 

888. B 

351 

127 

0            141 

182 

414 

325  60 

1102.4 

lOfi 

D.32S1 

ES 

336 

866,2 

1192.9 

IM 

4            140 

030 

883.5 

360 

057 

0,3383 

ISO 

331  00 

1103.7 

0.3464 

66 

100 

860.2 

140 

1            100 

B30 

858.6 

306 

0  3631 

3.-w"20 

1IB6.0 

0  3717 

64 

860 

llOfi.4 

372 

I5S 

6            173 

827 

0,3806 

M 

608 

344  60 

853.4 

1108.2 

37* 

0.390S 

64 

612 

1106  8 

171 

7            188 

4.W 

848]3 

378 

178 

2            190 

444 

350.80 

0.4370 

64 

360 

1107^7 

6            200 

287 

0.4370 

278 

843  1 

383 

ISS 

3.W.10 

1108.3 

384 

too 

0.4470 

54 

102 

1108.5 

38S 

211 

1108  7 

388 

I9S 

18S 

350.30 

830^8 

1108  9 

387 

0.4830 

54 

080 

1109  0 

383 

4            215 

137 

38B 

202 

9            2(7 

303,40 

837 'o 

1100  4 

390 

5            220 

0.4790 

63 

1109  6 

392 

aio 

7            225 

086 

018OT 

53 

M2 

305.60 

M4  3 

1109. 0 

303 

0.4950 

63 

808 

1200.1 

53 

833 'b 

3Bfi 

ai8 

7            233 

077 

368, SO 

3QB 

0  5130 

63 

878 

1200  6 

I              238 

934 

0  5170 

3SS 

228 

8           241 

300 

0  5200 

63 

644 

373  00 

1201.1 

410 

261 

6            278 

879 

384  70 

1202.9 

420 

£2 

600 

1204   4 

3            343 

381 

0  J3S0 

900 

406.20 

790.6 

410 

388 

1            380 

0.8140 

61 

7U> 

417.00 

700,1 

1307. t 

450 

toe 

3        *ai 

no 

O.MOO 

61 

SOO 

438.00 

780. 0 
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2.  Steam. — Steam  is  a  vapor  which  results  from  supplying  sufficient  heat  to  water  to  bring 
it  to  the  boiling  point  and  to  cause  it  to  evaporate.  The  change  from  liquid  to  vapor  takes 
place  at  a  definite  and  constant  temperature  which  is  determined  solely  by  the  pressure  on  the 
water.  A  change  in  pressure  will  always  be  accompanied  by  a  change  in  temperature  at  which 
boiling  occurs,  and  is  accompanied  by  a  corresponding  change  in  the  heat  required  to  evaporate 
the  water  after  it  is  brought  to  the  boiling  point,  called  latent  heat  of  evaporation, 

2a.Steam  Table. — In  Table  2,  pp.  1081  and  1082,  the  gage  pressure  is  given 
for  various  temperatures,  with  zero  reading  at  atmosphere.  The  absolute  pressure  is  the 
gage  pressure  plus  14.7  lb.  The  density  is  the  reciprocal  of  the  specific  volume.  The  total 
heat  is  the  heat  in  the  liquid  plus  the  latent  heat  of  evaporation. 

Below  212  deg.  F.  the  pressure  is  tabulated  on  p.  1081,  in  inches  of  mercury  for  use  in  solving 
problems  dealing  with  condensing  prime  movers.  The  properties  of  steam  are  all  tabulated  for 
a  weight  of  1  lb.  of  saturated  steam.  The  heat  of  the  liquid  and  total  heat  are  calculated  above 
32  deg.  F. — ^that  is,  the  amount  of  heat  in  the  liquid  at  32  deg.  F.  is  taken  as  the  zero  or  starting 
point,  from  which  the  above  quantities  are  calculated. 

2b,  Quality  of  Steam. — Steam  in  contact  with  the  water,  as  in  a  boiler  where  it  is 
generated,  is  known  as  saturated  steam,  and  is  termed  wet  saturated  or  dry  saturated.  The 
former  contains  a  percentage  of  entrained  water  and  this  percentage  determines  the 
quality — ^that  is,  steam  with  a  quality  of  95  %  is  steam  having  5  %  of  its  weight  in  the  form  of 
water. 

2c.  Superheated  Steam. — If  heat  is  added  to  dry  saturated  steam  not  in  contact 
with  the  water  and  the  pressure  is  maintained  the  same  as  when  it  was  vaporized,  it  will  then  be- 
come superheated,  or  the  temperature  will  be  higher  than  that  corresponding  to  the  pressure 
at  saturation.  It  will  not  become  superheated  in  contact  with  the  water.  The  specific  heat 
of  superheated  steam  changes  with  the  pressure  (0.48  average  value;.  Superheat  increases  the 
specific  volume  of  steam — that  is,  a  greater  number  of  cubic  feet  of  superheated  steam  are 
produced  at  the  same  pressure  from  a  given  weight  of  water  than  of  saturated  steam.  There- 
fore more  mecfianical  work  is  available  from  a  given  expenditure  of  heat. 

3.  Air. — Pure  air  is  a  mixture  of  oxygen  and  nitrogen  in  proportion  of  20.9%  oxygen  and 
79.1%  nitrogen  by  volume,  and  by  weight,  23%  oxygen  and  77%  nitrogen.  Air  in  nature 
always  contains  other  constituents  in  varying  amounts,  such  as  dust,  carbon  dioxide  (COi), 
ozone,  and  water  vapor.  The  physical  and  thermal  properties  of  air  are  given  in  Table  3. 
This  table  is  used  in  all  heating  problems  which  follow  where  the  heat  content  of  air  is  involved. 

The  specific  heat  of  air,  or  the  number  of  B.t.u.  required  to  raise  the  temperature  of  1  lb. 
of  air  1  deg.  F.  is  practically  a  constant  and  is  taken  as  0.24  B.t.u. 

The  COs  content  of  air  in  the  open  varies  from  4  to  6  parts  in  10,000  by  volume,  and  the 
moisture  varies  from  a  very  small  amount  to  as  high  as  4  %  by  weight.  These  ingredients 
spread  out  nearly  uniformly  in  the  atmosphere. 

COs  is  not  poisonous  but  if  present  in  large  proportions,  a  person  might  die  of  suffocation. 
The  amount  present  is  regarded  as  an  index  of  the  quality  of  the  air  and  indicates  the  character 
of  the  ventilation.     It  should  not  exceed  8  or  10  parts  in  10,000  for  good  ventilation. 

3a.  Humidity. — Humidity  is  caused  by  water  vapor  (or  moisture)  being  mixed 
with  air  in  the  atmosphere.  The  weight  of  water  vapor  a  given  space  will  contain  is  dependent 
entirely  on  the  temperature — that  is,  the  amount  of  vapor  is  exactly  the  same  whether  air  is 
present  or  not.     The  air  therefore  simply  afifects  the  humidity  by  its  temperature. 

3&.  Relative  Humidity. — Relative  humdity  is  the  ratio  of  the  weight  of  water 
vapor  in  a  given  space  to  the  weight  of  this  vapor  which  the  same  space  will  contain  (full  satura- 
tion) at  the  same  temperature.  Under  normal  conditions  the  external  air  has  a  relative  humid- 
ity varying  from  50  to  75%  of  full  saturation.  When  the  relative  humidity  is  much  above  or 
below  these  Umits,  ill  effects  are  experienced. 

3c.  Dew  Point. — Dew  point  is  the  temperature  at  which  saturation  is  obtained 
for  a  given  weight  of  water  vapor,  or  the  temperature  where  any  reduction  in  temperature  would 
cause  condensation  of  some  of  the  water  vapor  in  the  form  of  dew  particles. 
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HEATING 

4.  Transmission  of  Heat. — Heat  is  transmitted  by  conduction,  convectioni  and  radiation, 
and  its  intensity  is  measured  by  a  thermometer.  Temperature  and  pressure  are  no  indication 
of  work  performed.    They  indicate  merely  a  possible  rate  of  performance. 

Conduction  is  the  transmission  of  heat  from  particle  to  particle  of  the  same  substance. 
This  transmission  will  occur  between  portions  of  the  same  substance,  the  heat  flowing  in  any 
direction  from  the  higher  to  the  lower  temperature.  Time  is  required  for  conduction  to  take 
place  and  varies  with  the  distance,  nature  of  the  material,  and  temperature  difference.  The 
coefficient  of  conduction  is  the  quantity  of  heat  which  flows  in  a  unit  of  time  through  a  cross 
section  of  unit  area  and  a  unit  of  thickness  with  a  difference  of  1  deg. 

Convection  is  the  transmission  of  heat  by  circulation  of  a  fluid,  or  gas,  over  the  surface  of  a 
colder  or  hotter  body.  The  particles  of  the  moving  substances  come  in  close  contact  with  the 
hotter  body  and  are  actually  heated  by  conduction  during  the  period  of  contact  and  they  then 
pass  on,  carrying  the  heat  absorbed  and  making  way  for  fresh  cooler  particles.  This  circula- 
tion may  be  caused  by  natural  forces  or  may  be  produced  mechanically.  The  circulation  of 
water  in  a  boiler  is  an  example  of  the  former,  while  air  passing  over  heater  coils  in  a  fan  blast 
heating  system  is  an  example  of  the  latter  condition.  In  case  the  circulating  medium  is  hotter 
than  the  other  body,  the  process  of  heat  transfer  will  be  reversed.  In  general,  it  may  be  said 
that  the  heat  transferred  by  convection  is  independent  of  the  nature  of  the  substance  and  of  the 
surrounding  absolute  temperature.  The  heat  transferred  depends  (1)  on  the  velocity  of  the 
medium — ^varying  as  some  function  of  this  velocity,  (2)  on  the  form  and  dimensions  of  the  body, 
and  (3)  on  the  temperature  difference. 

Radiation  is  the  transmission  of  heat  through  a  medium,  commonly  known  as  the  ether, 
which  is  assumed  to  occupy  all  intermolecular  spaces.  Radiation  takes  place  under  the  same 
law  as  light — in  straight  lines — and  its  intensity  varies  inversely  as  the  square  of  the  distance 
through  which  the  heat  is  transmitted.  Radiant  heat  continues  to  travel  in  a  straight  line 
until  intercepted  or  absorbed  by  some  body.  The  amount  of  radiant  heat  emitted  or  absorbed 
depends  largely  upon  the  character  of  the  surface  of  the  hot  or  cold  body,  and  it  has  been  found 
that  the  power  of  absorption  of  a  substance  is  exactly  the  same  as  the  power  of  emission  of  heat. 

Relative  Radiating  or  Absorbing  Power  at  212  Deg. 


Effects  of  kind  of 

material  (Baaed  on 

lamp  black  as  100%) 

Effects  of  painting 
(Bsaed  on  bare 
iron  as  100  %) 

Lamp  black 

100 
100 
08 
00 
17 
17 
7 

Bare  iron 

100 
75 

101 
00 

101 

White  lead 

Aluminum  or  copper  bronse 

Snow  white  enamel 

Paper 

Glaas 

White  lead  paint 

Steel 

White  sine  paint 

Platinum 

CoDoer 

I 

Radiant  heat  has  the  property  of  passing  through  dry  gases  without  heating  them  to  any 
appreciable  extent,  but  air  containing  water  vapor  or  dust  will  intercept  and  absorb  radiant 
heat. 

5.  Transmission  of  Heat  through  Building  Materials.' — The  quantities  of  heat  trans- 
mitted through  building  materials  are  known  as  heat  losses  and  should  be  carefully  estimated. 
The  following  methods  of  computation  will  indicate  how  they  may  be  reduced  by  proper  con- 
struction, thereby  decreasing  the  fuel  required  for  heating  in  winter. 

>  Experimental  data  in  this  article  Uken  from  the  Univ.  of  Illinois  Bull.  102,  entitled  *'A  study  of  the  Heftt 
Transmission  of  Building  Materials,"  by  A.  C.  Williard  and  L.  C.  Lichty. 
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The  amount  of  heat  that  must  be  supplied  in  order  to  warm  a  room  may  be  divided  into: 
(a)  the  heat  required  to  offset  the  heat  transmission  of  walls,  ceiling,  roof,  and  floor;  and  (6) 
heat  required  to  warm  the  air  entering  the  room  from  the  outside  by  infiltration  or  otherwise, 
commonly  known  as  the  air  change.  Heat  supplied  by  persons,  lights,  machinery,  and  motors 
may  be  deducted  from  the  sum  of  items  (a)  and  (&). 


Table  4. — Usual  Inside  Temperatures 

Public  buildings 68  to  72*F. 

Factoriee 65*F. 

Machine  shops 60  to  65®F. 

Foundries,  boiler  shops 50  to  eO^F. 

Residences 70'F. 

Bath  rooms 85°F. 

Schools 70*F. 

Hospitals 72  to  76°F. 

Paint  shops 80°F. 

• 

Table  5. — Climatic  Conditions  in  the  U.  S.  Wind  Velocities  and  Temperatures 


State 


City 


Alabama 

Arizona 

Arkansas 

California 

Colorado 

Connecticut 

District  of  Columbia 
Florida 

Georgia 

Idaho 

Illinois 

Indiana 

Iowa 

Kansas 

Kentucky 

Louisana 

Maine 

Maryland 

Massachusetts 


Temperature 
Deg.F. 


Lowest 


Mobile 

Montgomery . . . 

Flagstaff 

Phoenix 

Fort  Smith 

Little  Rock .... 
San  Francisco . . 
Independence . . 

San  Diego 

Denver 

Grand  Junction 
Southington . . . . 

Hartford 

New  Haven . . . . 

Washington 

Jacksonville . .  .  . 

Pensacola 

Savannah 

Atlanta 

Boise 

Lewiston 

Chicago 

Springfield 

Indianapolis . . . . 

Evansville 

Sioux  City 

Keokuk 

Dubuque 

Wichita 

Dodge  City .... 

Louisville 

New  Orleans . . . 

Shreveport 

Portland 

East  Port 

Baltimore , 

Boston , 


-  1 

-  5 
-21 

12 

-15 

-12 

29 

10 

32 

-29 

-16 

-19 

-14 

-14 

-16 

10 

7 

8 

-  8 
-28 
-18 
-23 
-22 
-25 
-15 
-31 
-26 
-32 
-22 
-28 
-20 

7 

-  5 
-17 
-21 

-  7 


Average 


57.7 
66.1 
34.8 
68.0 
49.5 
62.0 

48.7 
67.2 
38.4 
39.2 
36.3 


42.9 
60.9 
66.0 
67.2 
61.4 
39.6 
42.5 
35.9 
39.0 
40.4 
44.0 
32.1 
37.6 
32.0 
42.0 
36.0 
45.0 
60.5 
65.7 
33.5 
31.1 
43.3 


Wind  velocity 


Maximum 


54 

66 

60 

43 
75 


66 
70 

88 
66 
66 

•      a 

84 


60 
60 

75 
60 
66 

61 
78 

72 


Average 


5 

9 

6 
7 


5 
6 

>   • 

7 
9 

4 

I   • 

0 


8 
6 

•  • 

11 

7 
7 

6 
9 

•  • 

11 
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Table  6. — Climatic  Conditionb  in  the  U.  S.  Wind  Velocities  and  Temperatdrbs 

Continued 


SUte 


City 


Michigan 

Minnesota 

Minfliasippi 

Mifisouri 

Montana 

Nebraska 

Nevada 

New  Hampshire 

New  Jersey 

New  York 

New  Mexico 

N.  Carolina .... 

N.  Dakoto 

Ohio 

Oklahoma 

Oregon 

Pennsylvania   . . 

Rhode  Island . . . 
S.  Carolina 

S.  Dakota 

Tennessee 

Texas 

Utoh 

Vermont 

Virginia 

Washington 

W.  Virginia 

Wisconsin 

Wyoming 


Detroit 

Alpena 

Duluth 

Minneapolis . . .  . 

Vicksburgh 

Springfield 

St.  Louis 

Helena 

Havre 

Lincoln 

North  Platte. . . 

Carson  City 

Concord 

Atlantic  City . . . 
New  York  City 
Saranac  Lake. . . 

Sante  Fc 

Charlotte 

Bismark 

Toledo 

Columbus 

Cincinnati 

Oklahoma 

Baker  City 

Portland 

Pittsburgh 

Philadelphia 

Providence 

Charleston 

Columbia 

Huron 

Yankton 

Knoxville 

Memphis 

Chattanooga. . . 
Forth  Worth... 

Galveston 

Salt  Lake  City. 
North  Field.... 

Burlington 

Lynchburg 

Norfolk 

Seattle 

Spokane 

Parkersburg.. . . 

Elkins 

Milwaukee 

La  Crosse 

Cheyenne 

Lander 


Temperature 
Deg.F. 


Lowest 


-24 
-27 
-41 
-33 

-  1 
-29 
-22 
-42 
-55 
-29 
-35 
-22 
-35 

-  7 

-  6 
-38 
-13 

-  6 
-44 
-16 
-20 
-17 
-17 
-20 

-  2 
-20 

-  6 

-  9 
7 
2 

—43 
-32 
-16 

-  9 
-10 

-  8 
8 

-20 
-32 
-26 

-  6 
2 
3 

-30 
-27 
-21 
-25 
-43 
-38 
-36 


Average 


35.3 

29.1 

25.5 

28.4 

56.0 

43.0 

39.0 

30.9 

27.7 

35.8 

34.6 

34.8 

33.1 

41.6 

40.1 

34.1 

38.0 

49.8 

23.5 

30.8 

39.8 

39.0 

47.1 

34.1 

45.4 

40.8 

41.8 

37.5 

56.9 

53.5 

25.9 

31.2 

47 

50 

48. 

49 

56 

39 

27.8 

32.0 

45.2 

45 

44 

37 

41.9 

38.8 

32.4 

31.2 

33.7 

29.0 


.0 

7 

0 

.5 

0 

.7 


.0 
.3 
.0 


Wind  velocity 


Maximum  ■'    Average 


76 
72 
78 

■  • 

62 

•  • 

80 
70 
76 

•  • 

96 


96 

•  • 

53 
55 
74 
72 

■  ■ 

59 


69 
75 


69 

•  • 

84 
75 
60 

•  • 

84 
66 


50 


52 


9 
9 
7 

•  • 

6 

•  • 

11 

6 

11 

•  • 

9 


9 

t    m 

6 
5 
8 
9 


6 
10 


10 

•  • 

5 
6 
6 

•  • 

10 
5 


In  computing  the  heat  losses  and  boiler  power,  the  first  consideration  is  the  temperature  range  between  the 
inside  and  outside  of  building.  Table  4  gives  the  customary  required  inside  temperature  of  various  classes  of 
buildings.  Table  5  gives  the  lowest  and  average  temperatures,  and  the  maximum  and  average  wind  velocities  for 
different  locftlities.     Minimum  temperatures  are  misleading  as  they  seldom  ocouTt  and  then  for  only  short  periods. 
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The  best  way  to  detennine  tlie  minimmn  temperature  on  which  to  calculate  the  heat  loeeei  is  to  compare  the  averace 
temperature  of  the  locality  under  consideration  with  the  one  in  which  you  reside  and  are  familiar .  In  New  York 
the  minimum  temperature  (Table  5)  is  —6  deg.  F.  and  in  Detroit.— 24  deg.F.,  while  the  a^-erages  are  40.1  deg. 
F.  and  35.8  deg.F.,  yet  all  contracts  are  let  on  the  basis  of  sufficient  radiation  for  the  room  temperature  in  0  deg.F. 
weather,  in  both  places. 

If  radiation  is  provided  for  the  minimum  outside  temperature,  it  will  be  at  an  unnecessary  expense.  Boiler, 
ehimney,  and  grate  should  be  of  sufficient  sise  to  take  care  of  the  lowest  temperature  periods  by  raising  the  tempera- 
ture of  the  radiation,  or  pressure  of  the  heating  medium. 

The  combined  coefficient,  U,  may  be  defined  as  the  amount  of  heat  absorbed  or  given  off  per  square  foot  of 
surface  per  hour,  by  radiation  and  convection  under  certain  conditions  of  air  movement,  for  each  degree  difference 
in  temperature  between  the  surface  and  the  average  temperature  of  the  air.  If  the  air  movement  is  different  on  the 
two  sides  of  a  wall,  the  value  of  the  combined  coefficient  will  of  course,  be  different  owing  to  the  fact  that  the  heat 
loss  by  convection  is  different.  Let  Ki  ~  the  combined  coefficient  for  the  inside  wall;  Kt  ~  the  combined  coeffi- 
cient for  the  outside  wall;  Ki(t  —  U)  —  the  heat  absorbed  by  the  inside  wall  per  sq.  ft.  per  hr.;  and  Ktih  —  <•)  m 
the  heat  given  off  by  the  outside  wall  surface  per  sq.  ft.  per  hr.    Then 

Ki(t  -  ti)  -  Ktitt  -  to) 

in  which  t  and  <i  —  temperature  of  the  inside  air  and  inside  wall  surface  respectively,  and  d  and  (s  —  temperature 
of  the  outside  air  and  outside  wall  surface  respectively. 

The  average  value  of  Ki  is  1.34  and  Kt  increases  with  the  velocity  of  wind  over  the  surface.  /Csis  taken  gener- 
ally at  3  times  that  of  the  inside  wall  surface.     Following  are  the  multipliers  of  Kt  for  various  wind  velocities. 


Wind  velocity 

Brick 

Wood 

(miles 

5 

2.38 

2.10 

10 

3.20 

2.71 

15 

3.76 

2.95 

20 

4.22 

3.02 

The  amount  of  heat  that  will  be  transmitted  through  a  material  having  parallel  surfaces  due  to  a  difference  in 
temperature  between  those  surfaces  is  termed  the  conductivity  of  the  material.  The  amount  of  heat  that  a  given 
material  will  transmit  is  directly  proportional  to  the  difference  in  temperatiire  between  the  suriaces  and  inversely 
proportional  to  the  thickness.  Let  C  »  coefficient  of  conductivity  or  B.t.u.  transmitted  per  square  loot  per  hour 
per  inch  of  thickness  per  1-deg.F.  difference  in  temperature  of  the  two  surfaces;  h  >>  temperature  of  the  inside 
wall  surface;  tt  »  temperature  of  the  outside  wall  surface;  and  X  -  thickness  of  the  wall  in  inches.     Then 

-^(<i  —  tt)  "■  heat  transmitted  by  conduction  per  sq.  ft.  per  hr. 


Tablb  6. — Coefficients  to  be  Used  in  Determining     U"  for  Different  Mj^tbrials 


Material 


per  1  in.  thick 

per  sq.  ft. 

per  deg. 


K 

in  still  air  per 

degree 


Factor  to  be 
used  for  Kt 


Kt 

Wind  velocity 

15  to  20  miles 

per  hour 


Dry  brick  wall 

Brick  wall  with  moisture 

Sandstone 

Concrete,  1-2-4  mix 

Plaster  or  mortar 

Wood  (fir),  one  surface  finished 

Cork  board 

Magnesia  board 

Asbestos  board 

Sheet  asbestos 

Packed  mineral  wool 

Glass — single  (91.4  %,  total  area) 

Glass — double  (>^-in.  airspace,  69.3%  area) 

Roofing — 2-in.  tile* 

2-in.  tile  roofing,  plastered  * 

2-in.  tile,  V^-in.  plaster,  both  sides* 

4-in.  tile,  H~in-  plaster,  both  sides* 

5-in.  tile,  H-i^.  plaster,  both  sides* 


4.0 

5.0 

9.0 

8.3 

8.0 

1.0 

0.32 

0.50 

0.50 

0.3 

0.35 

2. 00 

1.5 

5.3 

0.84 

1.00 

0.60 

0.47 


1.4 

1.4 

1.3 

1.3 

0.93 

1.4 

.25 

.45 

.6 

.4 
4 
5 
1.5 
1.25 
1.25 
0.93 
0.93 
0.93 


1 
1 
1 
1 
1 
1 


3 
3 
4 
4 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 


4.2 
4.2 
5.2 


2 

97 

2 

75 

35 

8 

2 

2 

5 

5 

3.75 
1.75 
2.79 
2.79 
2.79 


5 
2 

4 
3 

4 

4 
4 
4 
4 
4 


*  For  thickness  stated,  not  for  1  in. 
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e.  CalcoUtioa  of  Heat  TmumiMioii  Thfongh  Walla,  Roofa,  and  Floon.' — The  amount 
of  heat  received  by  the  inside  wall  surface,  the  amount  conducted  through  the  wall,  and  the 
amount  emitted  must  alt  be  equal.  Let  U  —  the  heat  transmiasioQ  of  the  actual  wall  pei  square 
foot  per  hour  per  degree  diSerence  in  temperature  on  the  two  sides.    Then 


U{t  -  (o)  =  K,(l  - 
(t  -  h)  -  (t  - 


i.)  = 


Ut, 


-t,)~K,(t,-h) 


^^^-^^ 


StcrxTwhs 

ffrss 


"^^^""^ 


m'iir^*i*ei 


13'Brick  wall 

FiQ.  2, 


[■Shl/ffir,/(,'l.* 


WW^ 
"■^f^^-^'' 


The  value  of  ^  for  paper  and  very  thin  substancea  may  be  neglected.  If  the  waU  is  com- 
posed of  several  layeia  of  different  materials  in  contact  with  an  air  apace  of  thickneasee  Xi, 
X,,  X,,  ete.,  then 

u ' 

1    ,    1    ,  X,      X,      X,   , 

K,,  Kt,  and  C  being  taken  from  Table  6  for  the  particular  materiala  iavolved.     Figa.  1, 2, 3, 4,  S. 
and  6  illustrate  the  methods  of  computini;  V  tor  various  typea  of  walls,  lloois,  and  roofs. 


It,  i 

r  engince 

■  to  in 

>«  hMt  l<H«g  by  ■  f> 

i^or,  cKlled  the 

rtV-^ 

K™/«tor. 

Such  an  inenaM. 

ho- 

■y  it  the  » 

od  ii  follDWHl  ud  th 

iin 

lIKl 

Thev-l 

lea  In  Table  7  han 

bH> 

ulat«l  it.  >DC 

otdanro  * 

tfi  t,h. 

sthDd  sboTB  advocatMi.  uaiDi  reg 

ill* 

ollh 

IlliDoi.  t 

■gti.     If  the  T»lu«« 

(iv 

e  uwd  with 

udgmenl. 

lU  will  be  obtuned. 

A  typical 

ginn  m  Table  13, 

Pp. 
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It  hfts  been  recommended  that  the  temperature  difference  usually  considered  under  roots  be  increased.  This 
should  be  done  with  judgment  sincct  as  a  rule,  the  top  floor,  with  the  roof  loss  properly  figured,  will  have  too  much 
radiation. 

The  first  floor  where  doors  occur  usually  has  too  little  radiation.  This  is  especially  true  when  the  doors  are 
opened  often.     The  elevator  shaft  and  doors  aggravate  this  condition  as  the  hot  air  rises  to  the  top  floor. 

The  following  temperature  differences  may  be  taken  for  attic  rooms: 

Cloeed  attic — metal  or  slate  roofs 14  deg.  F. 

Closed  attic — cement  tile  roofs 23  deg.  F. 

Cellars  kept  cloeed 32  deg.  F. 

Thus,  the  heat  loss  per  hour  estimated  for  a  room  having  a  floor  l>i-in.  thick  over  a  cellar,  assuming  room 
heated  to  70  deg.  F.,  may  be  calculated  as  follows: 

K  -  1.4  both  sides  C  -  1 

0.3413  B.t.u.  per  hr.  per  sq.  ft.  per  deg. 


V 


1.4  ^  1.4  ^     1 


Heat  lose  per  hour  «  C0.34 13) (70-32)  -  13.0  B.t.u.  per  sq.  ft.  Heat  loss  from  floors  that  are  laid  directly 
on  the  ground  may  be  estimated  on  the  assumption  that  the  ground  temperatvire  is  50  deg.  F.  The  loM  per  hour 
through  4  in.  of  concrete  for  an  inside  temperature  of  65  deg.  F.  is 

•B  0.8  B.t.u.  per  sq.  ft.  per  deg. 


V 


1.3  ^  8 


Heat  loss  per  hour  -  (0.8)^65-50)  -  12  B.t.u.  per  sq.  ft. 

7.  Heat  Loss  by  Infiltration. — Heat  loss  by  infiltration  is  estimated  in  many  cases  by  the 
number  of  air  changes  arbitrarily  assumed.  It  is  also  estimated  by  measuring  the  periphery 
of  the  window  casing,  assuming  a  J^  2  or  He-in.  crack,  with  the  wind  blowing  at  a  certain  velocity. 
This  is  largely  dependent  on  the  character  and  grade  of  the  building  construction.  The  results 
of  these  determinations  are,  at  best,  inaccurate  and  there  is  no  reason  for  going  into  refinements 
of  calculation  beyond  the  limit  of  error  of  the  assumptions. 

Three  methods  are  given  for  determining  the  infiltration  loss:  (1)  Assume  arbitrarily  a 
number  of  complete  air  changes  of  cubic  contents  of  the  buildings  or  rooms;  (2)  assume  a  Ks 
or  )^2-in.  crack  all  around  the  windows  with  a  given  wind  velocity  to  determine  the  air  change; 
and  (3)  assume  the  proper  crack  or  opening  He  ix^-  ^^^  determine  the  relation  of  this  infiltration 
in  the  form  of  a  ratio  of  square  feet  of  glass  to  cubic  contents. 

Table  8. — Results  op  Experiments  on  Air  Infiltration 


Velocity  of  outside  air 
(miles  per  hr.) 

Cubic  feet  per  minute  leakage  through  14  ft.  of  crack, 

He-in.  clearance 

Cubic  feet  per  minute  per 

foot  of  He-in.  crack  per 

mile  velocity 

Weather  stripped 

Ordinary  sash 

6.0 
9.1 
9.5 
9.6 

1.0 
1.6 
1.65 
1.75 

12.0 
19.0 
20.0 
19.6 

0.143 
0.148 
0.147 
0.148 

For  a  wind  velocity  of  10  miles  per  hour,  yi^-m.  crack  will  deliver  about  90  cu.  ft.  per  running  foot  of  crack  per 
hour  (0.148  X  10  X  60  -  88.8),  as  shown  in  Table  8. 

In  Table  7  the  air  infiltration  is  calculated,  assuming  0.147  cu.  ft.  per  minute  per  nmning  foot  of  Hs-i°'  crack 
per  mile  velocity,  the  air  velocity  at  13  miles  per  hour,  the  air  at  0  deg.  F.,  or  0.086  lb.  per  cu.  ft.  (see  Table  3), 
and  specific  heat  at  0.24  B.t.u.  (see  Art.  3).  The  B.t.u.  per  hour  per  degree  difference  per  running  foot  of  crack  ~ 
60  min.  X  13  mi.  per  hr.  X  0.147  cu.  ft.  per  min.  per  ft.  per  mile  X  0.086  X  0.24  -  2.4  B.t.u.  per  deg.  per  ft.,  or 
1.2  B.t.u.  per  deg.  per  ft.  for  Hs-in.  crack.  Windows  on  only  two  sides  of  room  should  be  figured  as  the  draft  will 
be  outward  on  the  leeward  side. 

Table  9. — Table  of  Assumed  Air  Changes 

Halls 3  per  hr. 

Rooms  of  1st  floor 2  per  hr. 

Offices — stores 2  per  hr. 

Offices — 2nd  floor 1  per  hr. 

Factories — large  areas ^  per  hr. 

Oarages 2  per  hr. 
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Table  10. — Relation  of  Air  Changes 

TO  Cubic  Contents 

Percentage  oi  glaas  fsq.  it.)  to  cubic  contents  (cu.  tt.) 
Air  change  per  hour 

2 

H 

2>i 

3H 

4H 

1 

6 
IK 

7 

8 
1« 

0 
2 

Double  the  above  amounts  for  rooms  having  doors  to  outside  opened  frequently,  as  on  ground  floors. 

8.  Heat  Supplied  by  Persons,  Lights,  and  Machinery. — The  following  allowances  may  be 
made  for  persons  and  lights  when  required,  but  as  buildings  have  to  be  heated  at  times  when 
these  sources  of  heat  may  be  absent,  as  Sundays,  they  should  be  made  with  care.  It  would 
probably  be  safer  to  omit  them  when  figuring  the  radiation,  as  is  generally  done,  and  shut  off 
some  of  the  heating  surface  when  these  sources  of  heat  are  present.  The  heat  given  off  by 
persons  is  not  considered  except  in  assembly  halls.  These  halls  are  generally  figured  for  50 
deg.  F.  in  0-deg.  weather  when  the  audience  is  not  present. 


Table  11 

Man  at  rest 400  B.t.u.  per  hr. 

Man  at  work 600  B.t.u.  per  hr. 

Electric  lamps:  B.t.u.  per  hr.  »  watts  per  lamp  X  number  X  3.415 

Motors  and  machinery  convert  some  of  their  energy  into  heat  if  located  in  the  same  room. 
Rubber  and  chocolate  rolls  and  similar  classes  of  machinery  produce  great  quantities  of  heat. 

9.  Measurement  of  Flow  of  Fluids. — There  are  three  fluids  used  in  heating,  for  which  pipe 
sizes  have  to  be  determined,  viz.,  steam,  water,  and  air.  The  power  required  for  circulatioD 
and  loss  in  head  due  to  friction  has  to  be  known  in  determining  the  proper  sizes  of  conduits. 
All  fluids  flowing  in  conduits  obey  the  same  laws  and  with  corrections  for  density,  the  variables 
in  the  formulas  are  the  same. 

The  potential  head,  or  measured  head,  is  the  vertical  distance  measured  from  some  base 
line  to  the  center  of  the  pipe  at  the  point  under  consideration.  In  the  measurement  of  the  flow 
of  gases,  as  air  or  steam,  the  pressure  at  the  point  of  flow  has  to  be  taken  into  account  in  deter- 
mining the  density. 

The  general  formula  tor  all  fluids  flowing  in  pipes  is 

in  which  h  —  loss  of  head  in  friction;  /  —  coefficient  of  friction,  C.02  for  water  (average)  but  it  actually  varies  with 

R 
the  diameter  of  pipe  and  velocity;  /  ■>  length  in  feet;    v  ■>  hydraulic  radius,  or  th«^  perimeter  divided  by  the  area; 

2g  ■■  64.34;  and  V  ■>  velocity  in  feet  per  second. 
For  round  pipes  the  formula  reduces  to 

The  above  formulas  have  been  superseded  by  exponential  formulas  determined  by  plotting  the  values  on  logarithmic 
paper  and  determining  the  angle  of  inclination  of  the  straight  lines. 

Diagram  1,  by  H.  V.  Carpenter,  was  published  in  "Power"  Dec.  17,  1912.  It  gives  steam  discharge  in  pounds 
per  minute,  sise  of  pipe,  and  drop  in  pressure  per  100  ft.,  for  sixes  of  pipe  from  1  to  20  in.  and  is  plotted  Irom 
Unwin's  or  Babcock's  formula,  and  verified  by  tests  by  R.  C.  Carpenter. 


F  -  16,060 


W  -  87.6 


in  which  V  ~  velocity  of  the  steam  in  feet  per  minute;  P"  drop  in  pressure  in  length  L;  d  ^  diameter  of  pipe  in 
inches;  y  »  density  of  the  steam  in  pounds  per  cubic  foot;  and  W  »  weight  oi  steam  delivered  in  pounds  per 
minute. 

This  chart  is  for  high  pressure  steam.  For  a  3-in.  pipe,  the  discharge  is  seen  to  be  33  lb.  per  min.,  with  210  lb. 
average  absolute  pressure  and  0.30  lb.  drop  per  100  ft.  of  pipe.  For  any  lower  pressure  as  80  lb.,  follow  between  the 
inclined  lines  as  thown,  obtaining  a  discharge  of  21  lb.  per  min. 
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10.  R&diatioii. 

10a.  Coefficient  of  TrmnsmiBBlon  for  Radiation. — V&rioiu  teats  have  been  made 
to  determine  the  rate  of  trausmisson  for  radiation  under  varying  conditione  of  temperatnic. 
The  best  data  are  those  given  by  J,  R,  Allen  of  the  University  of  Minnesota  from  which  T*bk 
12  has  been  compiled.  The  factor  K  was  calculated  in  each  case  above  or  below  160  deg.  dif- 
ference in  temperature  by  applying  a  0.2%  correction.  This  table  ia  applicable  to  hot  wata 
or  Bteam  systems,  and  gives  transmission  rates  for  all  types  of  radiators  and  temperatun 
differences. 

AHume  ihm  ■  3-column  SS-in.  ndiktor  hu  ■  differetica  of  230-00  dec.  ~  1^  <'<(.  K.  from  actual  teat  (Ut 
deg.  (li(Fer«Dre),  ]iu  b  vftlue  o[  l.£S  B.t.u.  periq.  It.  pfr  hr.  perdcf.  diflfrence.  For  ISOdtig.  diffsivBiwtlMlHtv 
K  will  bo  1.55  +  j  0.002  X  (ISO-ISO)  X  1.S6  \  -  l.M  B.'.u.  per  aq.  it.  per  dec  diSennn  (hs  Tkbla  12).  Tka 
U  -  l.MX  180  det  -  29S  B.l.u.  per  aq.  ft. 

Th«  BtondartI  for  eating  dirert  ruliKtiDii  *■  uwd  in  muiufacturen'  calaloauca,  ia  70-de«,  F.  room  tsmpoalot. 
■nd  220  dcg.  K.  inside  the  ndiatar.  or  150  Aes-  F.  differcDH  between  the  room  and  (ha  heatina  medium  for  at«UL 
From  Table   12  Cor  ■  S-eolumn  3S-in.  nidiator,  U  -  233  B,t.u.  which,  dividnl  hy  070  B.t.u.  (the  Uteat  beat  at 

d  for  ui  ivenge  temperalure  of  water  of  170  dec.  F.  and  70  deg.  F.  in  the  room,  or  ISO  B.t.u.     For  a  i-tsian 


3S-in.  radiati 


U  ~  (170  -  70)  X 
tl  standard  unit  lued  In  ntini 


in  of  150  B.t.u.  per  aq.  ft.  of  radiation  per  hr.     U  t 
I  require  no  more  radiation  than  ateam. 


106.  Determination  of  Badlation. — Refer  to  typical  plan,  Fig.  7,  ai 
schedule.  Table  13.     The  detenntnation  of  the  radiation  should  be  independent  of 


feeing      second  and  TTiiixf  noors 


where  steam  or  water  ia  used,  as  the  only  determining  factor  ia  the  difference  in  the  n 
room  temperatures.  The  first  tabulation  "  A  "  ja  computed  tor  the  medium  at  a  temperatuie  of 
210  deg.  for  3-column  38-in.  radiators  and  for  coils  on  the  fourth  Boor.  The  traiwmiaBon fac- 
tors for  the  radiators  and  coils  are  213  B.t.u.  and  274  B.t.u.  per  sq.  ft,  per  hr,  reqwotirdy, 
for  UO-deg.  difterenec  as  shown  in  Table  12.  The  total  radiation  required  is  5462  aq,,  ft.  and 
the  radiating  units  needed  for  this  tabulation  are  indicated  on  the  plan  (Fig.  7).  Thetabola- 
tion  "A"'  is  ciilculuted  for  3-column  38-in.  radiatore  on  the  fourth  floor  inrtcMl  of  COiK 
making  57S8  sq.  ft.  of  total  radiation  required.  In  the  " B"  schedule,  water  of  IT&^I^ 
average  temperature  was  assumed  and  2  coIiudd  38-in,.  radiators  (8221  sq.  ft,  required).  Ia 
schedule  "C"  the  temperature  of  the  medium  was  assumed  at  220  deg.,  or  4 lb.  ateam  piwaai* 
difforcnco  of  130  deg  (3300  sq.  ft.  required).  If  the  heat  losses  are  reduced  to  squM*  f«e(  «f 
ladifttion  at  0.25  lb.  coDdcnsatiou  (250  B.t.u,),  there  would  be  4930  sq.  ft. 
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Table  13 


Floor 

Heat  losses 

Room 

Cubic 

contents 

(Fig.  7) 

Glass 

Wall 

Roof 

Area 

(■q. 
ft.) 

Factor 

B.t.u- 

(G) 

Area 

(sq. 
ft.) 

Factor 

B.t.u. 

(WO 

Area 

(■q. 
ft.) 

Factor 

B.t.u. 

1 

1 
2 
3 
4 

34,272 
10,368 
10,368 
34,272 

738 
135 
135 
738 

90 
90 
90 
90 

66,420 
12,150 
12.150 
66,420 

1790 
441 
441 

1790 

17.6 
17.6 
17.6 
17.6 

31,504 
7,762 
7,762 

31,504 

•  •  •  • 

•  •  •  • 

•  •  •  • 
■  •  •  • 

•  • 

•  • 

•  • 

2 

1 

2 
3 

34,272 

10.368 
44,640 

465 

205 
670 

90 

90 
90 

41.850 

18,450 
60,300 

2050 

371 
2435 

17.6 

17.6 
17.6 

36,080 

6,530 
42,850 

•  •  •  • 

•  «  ■  • 

•  •  •  • 

•  • 

•  • 
«   • 

3 

[ISame 

as  for  2 

•   •  • 

•  • 

•   •   ■   • 

.... 

•  •  •  • 

•   • 

4 

1 
2 
3 

34,272 
10.368 
44,640 

465 
205 
670 

90 
90 
90 

41,850 
18,450 
60,300 

2050 

371 

2435 

17.6 
17.6 
17.6 

36.080 

6.530 

42,850 

2142 

648 

2826 

20 
20 
20 

42.840 
12.960 
56,520 

Floor 

Room 

B.t.u. 
loss 

Steam  or  water:  ay.  temp.  210°F., 
room  temp.  70**F.,  diff.  140*F. 

Water:  a  v.  temp. 

170°F.,  room  temp. 

70»F..  diCF.  100°F. 

Steam  or  water:  a  v. 

temp.  220°F..  room 

temp.  70*»F.,  difif.  150'»F. 

Type  of  radiator 

and  transmission 

factor 

Sq.  ft.  of 
radiation 
required 

Type  of 
radiator 
and  trans- 
mission 
factor 

Sq.  ft.  of 
radiation 
required 
Schedule 
"B" 

Type  of 
radiator 
and  trans- 
mission 
factor 

Sq.  ft.  of 
radiation 
required 
Schedule 
•*C" 

Sched- 
ule 
"A" 

Sched- 
ule 

••A'" 

1 

1 

2 
3 

4 

147,276 

31.144 

25,528 

147,276 

3-col.  38-in. 

(213) 
II 

It 

It 

691 

146 
120 
691 

691 

146 
120 
691 

2-col.    38-in. 

(160) 
It 

»t 

982 

208 
171 
982 

3-col.    38-in. 

(233) 
tt 

It 

It 

632 

134 
110 
632 

2 

1 
2 
3 

96,430 

32.445 

127,250 

•1 
It 
It 

452 
153 
600 

452 
153 
600 

It 
It 
»t 

643 
217 

848 

It 
II 
11 

414 
140 
550 

3               1 

256.125 

1205 

1205              "                  1708 

It 

1104 

1 

4 

1 

1 

1 
2 

3 

139,270 

45.405 

183,770 

coil 
(274) 
3 

coil 

(274) 

(213)  for 
schedule  "A" 
-col.  38-in. 

(213) 
(213)  for 
schedule  "A" 

510 
213 
671 

654 
213 
863 

11 
It 
It 

029 

303 

1230 

11 
It 
It 

600 
195 
789 

ToUl    1             ! 

^.e.u.)    ..     )  1.231.  om^ 

5452 

5788 

8221 

6300 

/ 

/ 

\ 
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Table  13. — Continued, 


Room  temperature,  70°F. ;  outside  temperature,  —  lOT. 

ToUl 

B.t.u. 

iO  +  W-\- 

Infiltration 

Factor 

(0.076  X 

0.24  X 

80°) 

Volume 

of  air 

heated 

(cu.  ft.) 

B.t.u. 
(/) 

Infiltration  (alternate  method) 

Percent- 
age of 

glam  to 
cubic 

contents 

Number 
of  air 

changes 

(Table 

10) 

Sise  of 

window 

and  crack 

Total 

length 

of  crack 

Factor 
Table 

7 

B.t.u. 
(/') 

2.2 
1.3 
1.3 
2.2 

0.5   X2 
0.37X2 

0.375 
0.5  X2 

1.44 
1.44 
1.44 
1.44 

34.272 
7.800 
3.900 

34.272 

49.352 

11.232 

5.616 

49.352 

1 
Windows  only  on  windward 
sides  of  bldg.  (Hs-i'^>  crack) 

147,276 
31.144 
26.628 

147.276 

1.4 

2.0 
1.5 

0.375 

0.5 
0.375 

• 

1.44 

1.44 
1.44 

12.800 

5.184 
16,740 

18,500 

7.466 
24.100 

3—0X6 

2—10X0.76 

2—8X10 

3—0X5 

2—8X10 

2—10X0.76 

3X33 
2X60 
2X44 
3X33 
2X50 
2X44 

06 

06 
06 

lO.lUO 

8,448 
27,660 

06,430 

32.446 
127.260 



.... 



•   • 

266.126 

... 

1.4 

0.375 

0.5 

0.376 

1.44 
1.44 
1.44 

12,860 

6.184 

16,740 

18.600 

7.466 

24,100 



.. 

130.270 

46,405 

183,770 

2.0 

■   •   ■    •   •                          •   « 

1.5 

Total  B.t.u. . 

•   •   •   •   • 

•      a                                          •••••• 

1,231,019 

Sq.    ft.    for 
260  B.t.u. . . 

. .       i 

4.030 

' 

1 

Roof.     (3-in.  concrete,  1H^>  hung  ceiling  with  air  space) 

U  - ^ 

1.1.3.  0.126 


^  4.  -^  4.  J=-  4.  nirr  4.  _^_  4. 1-5 
1.8^4.2^8.8^    0.4    ^0.03^    8 


0.26 


Heat  loss  per  sq.  ft.  -  0.25  X  80  -  20  B.t.u. 

WalU.     (12-in.  concrete.  2-in.  hollow  tile) 

1 
U  - 


6.2  ^  0.03  ^  1.3  ^  0.00  ^  8.3 


0.222 


Heat  loss  per  sq.  ft.  -  0.222  X  80  -  17.6  B.t.u. 
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All  these  layouts  would  require  the  same  grate,  chimney,  and  a  like  amount  of  heating  surface  in  the 
although  with  widely  varsring  quantities  of  direct  radiation.  These  principles  used  in  computing  the  atdiediiks 
apply  to  all  buildings  and  dwellings  with  heating  surface  directly  connected  to  the  boiler  or  heat  source.  Ready 
comparison  may  be  made  as  to  the  actual  effect  of  different  assumptions  on  the  ultimate  solution. 

The  roof  and  wall  construction  are  assumed  and  heat  losses  figiired.  The  radiators  marked  on  the  plan 
(Fig.  7)  are  for  the  first  condition  of  water  or  steam  at  210  deg.  F.  and  70  deg.  F.  in  the  rooms,  and  — 10  de^.  F. 
outside.  No  allowance  is  made  for  exposure  and  the  infiltration  loss  is  calculated  by  two  methods  whieh  show 
about  10%  difference  in  results.     This  is  well  within  the  error  of  the  assumptions. 

It  is  always  safe  to  increase  the  air  change  to  at  least  1  per  hour  where  doors  open  directly  out  of  doors.  This 
was  done  in  the  example  under  consideration.  The  theory  of  air  leakage  would  not  hold  under  these  conditioaa. 
It  is  abo  well  to  reduce  the  air  change  on  the  top  floor,  especially  if  elevator  doors  open  iuto  the  room.  These 
shafts  create  a  natural  draft  tending  to  take  the  heated  air  from  the  lower  floors  overheating  the  top  floor.  The 
heat  losses  were  determined  regardless  of  the  type  of  system  or  typ^  of  radiator,  as  they  would  be  the  same  in  any 
case. 

lOc.  Radiators. — The  heat  losses  of  the  building  and  rooms  are  compensated 
by  radiators  of  various  types.  Radiators  when  placed  directly  in  the  rooms  are  known  as 
direct  radiators.  When  placed  in  a  central  location  and  supplied  with  air  ducts,  they  are 
known  as  indirect  radiators,  the  air  being  supplied  either  by  a  fan  or  by  gravity  circulation. 
Radiators  with  an  out-door  connection  through  the  wall  are  known  as  direct  indirect  radiators. 
Column  Radiators. — These  are  built  up  of  sections  of  various  heights  put  together  with 
screw  or  push  nipples.  The  sections  are  known  as  leg  and  loop  sections.  Each  screw  nipple 
has  two  lugs  which  engage  a  mandril  so  that  the  sections  and  corresponding  nipples  which  have 
right  and  left  threads  may  be  screwed  together.  Round  paper  gaskets  are  placed  between  the 
sections.  The  push  nipples  are  machined  and  sections  pressed  together  and  through  bolts  are  put 
in  to  hold  the  sections  in  place. 

There  are  also  special  column  radiators  known  as  circular,  comer,  stairway,  and  hot  closet.  These  may  hav« 
extra  high  legs  or  be  legless  and  supported  on  wall  brackets. 

Hot  Water  Radiators. — What  are  known  as  hot  water  radiators  have  atop  connection 
tapped  IH  in.  up  to  and  including  3-column  radiators.  Four-column  radiators  are  tapped  2 
in.  These  openings  are  provided  with  bushings  and  plugs  so  as  to  provide  connections  of 
various  sizes.  The  steam  radiators  have  only  a  bottom  connection  and  cannot  be  used  on  hot 
water  systems  due  to  air  pockets  in  the  top  of  each  section.  It  is  becoming  customary  to 
utilize  hot  water  radiators  for  steam  as  better  results  are  obtained  due  to  the  ease  with  which  the 
pressure  within  the  radiator  is  equalized  on  account  of  the  top  connection  giving  a  better  drain- 
age and  circulation,  a  practice  to  be  commended.  Some  claim  these  radiators  air  bind  when 
used  on  steam  systems  but  if  the  air  valve  is  placed  low  down  on  the  end  section  and  the  radiator 
is  properly  connected,  there  should  be  no  trouble.  It  also  facilitates  air  removal  through  the 
return  piping  system  when  hot  water  radiators  are  used  on  a  steam  heating  system. 

Pressed  Steel  Radiators. — These  are  made  of  very  light  sheet  steel,  the  sections  being 
welded  together,  making  them  practically  jointless.  They  weigh  less  than  2  lb.  per  sq.  ft.  of 
surface  as  against  7  lb.  per  sq.  ft.  for  cast  iron,  and  they  are  tested  to  40-lb.  pressure.    These 

radiators  should  be  built  up  with  small  circular  elements  so  that 
'SamnXfwkkG^X        higher  pressures  may  be  used  with  a  minimum  weight  of  metal  and  so 

that  they  will  have  maximum  transmission  capacity  and  good  drainage. 

The  weight  of  cast  iron  is  a  serious  objection,  especially  for  tise  in  high  build- 
^       --^^       .    ngs,  as  the  weights  have  to  be  carefully  determined.     Where  caisson  work  to  bed 
Xntny^mc»e4%    ^^^  j^  necessary,  a  reduction  of  500.000  lb.  weight  in  100,000  sq.  ft.  of  radiation 
may  be  made  by  the  use  of  sheet  metal  instead  of  cast  iron.     This  saving  in  weight 
Fia.  8. — Enclosure  for  con-   is  equivalent  to  an  increase  of  2500  sq.  ft.  or  a  space  50  X  50  ft.  of  floor  spcuw  for 
cealed  direct  radiation.       the  same  foundation,  estimating  200  lb.  per  sq.  ft.  load  on  the  foundation. 

A  great  deal  has  been  said  about  corrosion  in  pressed  steel  radiators  but  if  pure 
metal  is  used,  and  the  radiators  can  be  thoroughly  drained,  there  is  no  danger.  On  hot  water  systems  with  the 
water  unchanged,  these  radiators  will  last  indefinitely  as  the  water  acts  as  a  pr^ervative  to  the  iron  when  all  air 
is  removed. 

The  present  sheet  metal  radiator  with  only  40-lb.  test  pressure  is  very  limited  in  its  use.  Cast-iron  radiators 
are  tested  to  80-lb.  pressure  and  where  higher  pressures  are  desired,  the  metal  thickness  may  be  increased  to  stand 
any  desired  pressure.    The  weight  and  cost,  however,  is  increased  in  proportion  to  the  thickness. 
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Endoaed  Radiaton. — Enclosed  radiatora  should  be  increased  in  amount  of  surface  fTom 
15  to  25  %  depending  upon  the  type  of  encloBUTe.  From  tests  by  Harding  and  Lichty  at  the 
Univek^ty  of  Illinois,  the  effect  of  shelves  was  to  reduce  the  tTansmission  5  %  and,  if  very  close 
to  the  top  of  the  radiator,  10  %.  Recessed  radiators,  2H  in.  from  the  wall  on  the  back,  were 
reduced  10  %.  The  most  efficient  type  of  enclosure,  reducing  the  efficiency  to  80  %  of  the  open 
radiator,  is  shown  in  Fig.  8,     Enclosed  radiatore,  however,  are  to  be  avoided  if  possible. 

lOd.  Pipe  CoHs. — E*ipe  coils  are  the  most  efficient  form  of  heating  surface  and 
when  constructed  properly,  are  really  better  and  lesa  ofTensive  looking  than  radiators,  but  high 
labor  costs  and  the  clieapness  of  cast-iron  radiators  have  caused  them 
to   be  superseded  except  in  cakes  whiTc  kiiig  cinls  nuiy  lip  utjliaed,  a 
in  factory  work,  thus  reducii^  tlic  Inlior  cost  for  connections. 


bcndi  u  inGnite  aumber  of  comUaktiooi  may  be  mmde  in  coil 
Colli  tie  of  tea  plsosd  ovcrlmul  in  fmctory  work  to  let  then 
to  bkck  down  to  about  S  [t.  tram  tba  floor  belon  ths  hutim 
tamperature  10  or  IG  dec-  bi^her  thaa  the  average  room  tern 
doora,  it  baa  been  touod  difficult  to  get  the  fint  floor  waim  aa  mi 
tun  of  the  Boor  above.     Where  there  are  moviag  belta.  ttod  irbere  bigli  prcui 


lOe.  Location  of  lUdt- 
atora. — As  a  general  rule,  the  beat 
location  for  radiators  is  under  the 
windows  or  against  an  outside  wall. 
The  radiator  transmisuon  will  be 
greater  if  placed  on  the  ouUnde  wall 
due  to  the  coolii^;  effect  of  the  win- 
dow accelerating  the  upward  and  downward  flow  along  the  ceiling  from  the  radiator,  thus 
increasing  the  velocity  of  the  air  and  the  heat  transmission  by  convection. 


reioiAortaatopreve 

pttheiwiDg  oftheretum 

oil.  under  10  ft.  Ions.     A 

header*  at  the  enda. 

With  header  and  return 

pf  the  way.     Since  h 

aled  air  riwe,  the  heat  haa 

ct  ii  obtained.     Thii 

meana  the  coila  are  in  a 

iround  6oon  with  open 

the  heat  wm  diuipai 

high   temperaturra 

fairly  lood  reiulta  an 

The  beat  p«iti 

n  for  pipe  e«la  ia  on  the 

aide  -na  iindu-  the 

■rindow.,     WaUFHtiaton 

wu  the  ptupoeo  pf 

heb  origiDal  deiigD. 

will  feel  s  diBBirecable  draft  du( 
a  radiator  u  placed  under  the  w 

However,  both  pf  theie  effeot 


□  the  coolini  effect  ol  the  eold  glaaa  MtfaM  on 
dow,  the  heat  by  oonveetion  from  the  radiator 

are  iinalt  ae  compared  with  the  poialble  and 


therefore  countenctini 

11.  Principles  of  Piping. — Figs.  11,  12,  and  13  show  dioKrammatically  principles  that, 
if  observed,  will  facilitate  tbe  solution  of  the  problem  of  proper  pipe  sizes  for  steam  and  water 
aystems  and  insure  better  results  in  operation. 

Fig.  11  is  the  generally  accepted  method  of  laying  out  steam  and  water  systems.  Tler- 
moAtatic  traps  or  choke  valves  are  absolutely  necessary  to  insure  operation  when  the  piping  ia 
•mnged  in  this  manner.     With  the  same  work  in  each  radiator  and  the  same  drop  per  unit  of 
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distance,  without  the  thcrmoetatic  traps  the  fluid  would  actually  be  required  ta  flow  up  bill 
or  from  a.  lower  to  a  higher  pressure  or  temperature.  There  would  be  in  any  ease,  a  retarda- 
tion of  the  flow  and  this  is  frequently  the  cause  of  trouble  on  heating  systems,  althoi^h  some- 
what exaggerated  in  the  sketch.  By  observing  the  above  principles,  eirors  of  calculation 
and  assumption  are  largely  eliminated  and  adjustments  of  flow  after  installation  are  avoided. 

In  Fits.  12  and  13  all  nidi»to™  are  eiactly  the  aamo  diitaace  from  the  sdutcb  and  tlie  cooling  incremenU  are  all 
la  the  wme  ditecticn  or  added  in  thediracCioTi  of  Ihe  Con, 
Fig.  13  ii  ■  method  applying  to  hoi  irster  systeinB  wheteby  the 
radiatoia  are  ghunled,  Hithnush  tne  radiatora  at  A  may  ba 
aomewhat  cooler  than  those  at  B;  it  ia  nadily  saa  that  all 


iiii 

Flo.  II.— Diairam  ahoving  disUocei  ui 
pogitive  and  Deiative. 


o  the  main  {BB').  and  I 


13.  Low  Pressure  Gravity  Steam  System. — The  boiler  on  this  type  of  system  is  connected 
o  the  radiators  by  a  series  of  supply  and  return  pipes,  arranged  bo  that  the  condensation  flows 

Table  14. — Size  op  Steam  Mains  for  1  to  3-lii.  Avbraob  Presbttre 
Loss  in  pressure  per  100  ft.  run  in  oz.  per  sq.  in.     Steam  in  lb.  per  hr.  Divide  by  con- 


denaation  factor  for  sq.  ft 

of  radiation 

Plotted  on 

Diagram  2 

Velocity     (ft 
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back  to  the  boiler  by  gravity.    Radiators  may  be  conneoted  with  single  pipe  risers  and  runouts 
or  with  separate  supply  and  returns,  known  as  one  and  two  pipe  systems  of  piping. 

All  steam  BsrstemB  connected  in  direct  circuit  with  the  boiler  require  a  head  of  water  in  the  vertical  return  as  it 
enters,  to  counterbalance  the  difference  in  pressure  in  the  boiler  and  radiation  due  to  the  condensation  of  the  steam 
and  friction  of  the  fluid.  This  necessitates  a  difference  in  level  between  the  lowest  dry  return  pipe  and  the  water 
line  of  the  boiler  of  2  ft.  for  each  1  lb.  difference  in  pressure,  or,  in  most  cases,  3  or  4  ft.  The  greater  the  initial 
pressure  carried,  the  greater  the  difference  in  level  required.  If  the  dry  return  is  too  close  to  the  water  line,  water 
will  collect  in  the  horisontal  pipe,  snd  failing  to  return,  will  cause  low  water  in  the  boiler.     If  the  boiler  pressure  is 


JA 


35Jb 
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eisuA 


zS^^. 


Fio.  12. — Method  of  balancing  distances  on  piping  for 
steam  or  water.  Cooling  increments  are  always  positive, 
and  return  and  supply  flow  in  the  same  direction. 


Shunt  sys^m  as  opplied  ib  hot  wafer 


Fia.  13. — Cooling  increments  all  positive, 
distances  balanced. 


lowered, the  necessary  counterbalancing  head  in  the  return  is  also  reduced  and  the  water  will  flow  back  to  the  boiler. 
The  job,  however,  should  be  designed  so  this  will  not  occur  or  it  should  be  remedied  by  raising  the  return  or  lower- 
ing the  boiler.  Returns  are  known  as  wet  and  dry.  Those  above  the  water  line  carry  very  wet  steam  and  water, 
and  those  below  the  water  line,  known  as  wet  returns,  carry  water  only. 

12<;.  Size  of  Steam  Pipes. — Diagram  2  and  Table  14  may  be  used  for  the  steam 
lines  on  all  low  pressure  steam  systems  from  atmosphere  to  10-lb.  pressure.  Their  use  will 
give  somewhat  greater  capacity  at  the  higher  pressures  due  to  the  increase  of  the  density  of  the 
steam.     Diagram  2  shows  two  sets  of  lines,  one  dash  and  one  full.     The  dash  lines  refer  to  the 
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Table  15. — Table  op  Number  of  Pipes  op  Equivalent  Abea,  also  Numbbb  Having  the 

Same  Discharge  for  Same  Length  (^  in.  to  12  in.) 
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lower  Bcnle  for  pounds  of  Bte&m,  and  the  full  lines  to  the  upper  sceJe,  which  is  100  timee  the  hrwer. 
The  pressure  drop  per  100  lin.  ft.  lain  pounds  per  square  inch,  and  dotted  lines  show  equal  prc»> 
sure  drop  in  ounces  per  square  inch  per  100  lin.  ft.  In  order  to  use  this  diagram  and  table  Hia 
necessary  to  know  (1)  the  pounds  of  steam  per  hour  (determined  front  the  heat  low  of  the  build- 
ing plus  25  %  divided  by  the  latent  heat  of  evaporation),  and  (2)  the  friction  head  (drop)  in 
pounds  per  square  inch  per  100-ft.  length  (determined  from  the  maximum  allowable  friction 
head  divided  by  the  length  of  the  circuit).  If  the  pipii^  is  arranged  in  the  proper  manner,  the 
branch  circuits  may  be  designed  from  the  equalization  table,  Table  IS. 

136.  Size  of  Return  Pipes. — James  A.  Donnelly  has  deduced  the  aicee  of  return 
pipes  for  various  systems  ae  shown  in  Table  16.  The  theoretical  eizc  of  return  main  in  an^ 
steam  heating  system  will  depend  upon  (1)  the  allowable  pressure  drop  in  the  main,  usually 


»7T*4 


lul«  "C" 


■VO.  to  £-Ib.  prnaurc.  220  dm.  F.,  Srh<Kju1«  "C"  (Tsble  13),  overhud  down  IbhI. 


taken  the  same  as  for  the  steam  main,  and  (2)  upon  whether  the  main  is  wet  (run  below  the 
water  line  of  boiler)  or  dry  (run  above  the  water  line  of  the  boiler).  In  the  case  of  wet  returns 
the  main  carries  only  water.  Assuming  the  same  friction  pressure  loss  aa  for  Elcam  and  with 
water  flowing  in  the  pipes,  the  weight  will  vary  as  the  square  root  of  the  densities  for  some  pres- 
sure drop  and  pipe  size,  or  a  wet  return  has  40  times  the  capacity  of  a  dry  return.  These  capa- 
cities are  given  in  square  feet  of  radiation  at  0.3  lb.  per  sq.  ft.  per  hr.as  the  condensation  factor. 


ISciUum 

feedud  the  other  hsL[  >d 
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column,  or,  witb  0.43  lb,  per  It,  -  1. 
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10.32  X  100 
10.32  oa.     j^ ■•  2.0-OB.  drop  in  pressure  j)er  100  ft. — say  2  os.  to  be  conservative.     If  there  are  5300  sq. 

ft  of  surface,  1600  lb.  of  steam  per  hr.,  and  2  ox.  drop  per  100-ft.  run,  we  have  ^»Xq  ■>  0.3  lb.  of  steam  per  sq.  ft. 

of  heating  surface  per  hr.  In  Diagram  2,  use  the  line  of  2-os.  drop  which  shows  a  5-in.  main  will  bo  large  enough 
If  we  assume  1-os.  drop  per  100  ft.,  it  will  require  a  G-in.  line.  Use  a  5-in.  line  with  covered  risers,  or  a  6-in.  line 
uncovered. 

As  the  total  heat  loss  of  the  building  was  used,  the  point  of  capacity  for  covered  or  uncovered  pipes  is  not  so 
important,  as  the  greater  radiation  will  reduce  the  pressure  required  to  heat  the  building,  increasing  the  drop  and 
velocity. 

The  5-in.  main,  being  divided  into  2  branches,  Table  15  shows  1.8  of  4-in.  pipes  equal  a  5-in.  pipe  and,  there- 
fore, two  4-in.  branches  will  bo  a  little  larger  than  the  5-in.  main.     A  4  in.  has  (i5.5  times  the  capacity  of  a  ^-in.  pipe 

(Table  15).     For  one-halt  the  surface,  or  2650  sq.  ft.,  'qkr  "  40.6  ^4-in.  pipes  or  — ^ofiSO —  "°  ^'^^  °'  ^^'i***  pip«« 

per  ICN)  sq.  ft.  of  surface.  Riser  1  has  260  sq.  ft.;  therefore,  2.60  X  1.52  =■  4.0  of  ^4-in.  pipes,  or  one  l>^-in.  pipe 
(Table  15).  Riser  2  has  305  sq.  ft. ;  therefore,  3.05  X  1.52  ■■  4.7  of  ^^ -in.  pipes,  or  one  IH-in.  pipe,  etc.  For  return 
pipe,  use  Table  16,  Column  F. 

For  one-pipe  up  feed  system,  double  the  riser  connections  in  sice  as  there  will  be  water  and  steam  flowing  in 
opposite  directions — that  is,  use  3.2  of  ^4-in.  pipes  per  100  sq.  ft.  for  riser  and  1.52  of  f4-in.  pipes  per  100  sq.  ft.  for 
steam  main. 

Fig.  14  is  intended  to  show  diagramnmtically  different  methods  of  connecting  risers  and  radiators  applicable  to 
all  steam,  vacuum  and  vapor  systems.  The  use  of  automatic  vents  and  thermo-traps  would  form  a  vapor  ssrstem 
when  connected  directly  to  boilers;  with  mechanical  air  removal  and  traps  and  pumps  would  be  a  vacuum  ssrstem; 
with  all  appliances  left  off  and  directly  to  boiler  would  be  a  gravity  return  system. 

Table  IC. — Maximum  Capacity  op  Steam  and  Return  Mains  for  Runs  op 

Moderate  Length* 


In  this  table  the  maximum  capacity  of  return  mains  is  given  for  various  percentages  of  steam  carried,  as  well  as 
the  steam  rating  of  pipes  from  H  to  16  in.  Thc^se  quantities  are  all  figured  for  a  drop  in  pressure  of  1  oa.  per  sq.  in., 
per  100  ft.  in  straight  pipe  and  are  expressed  in  sq.  ft.  of  radiation  with  a  condensation  factor  of  0.3  lb.  per  sq.  |t.  per 
hour. 
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36.000 

28.800 

20.520 

15.840 

6 

6,000 

60.000 

48.000 

34.200 

26.400 

7 

0,000 

72,000 

51.300 

39,600 

8 

13,000 

•    •    •    •    •    • 

74,000 

57.200 

9 

18,000 

•    ■■••• 

79.200 

10 

23,000 

12 

37,000 

14 

r>.'>,ooo 

16 

1 

78,000 

1 
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ro 
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Column  "A,**  steam  nttinc  in  standard  direct  radiation  for  piping  within  buildings  for  all  dassss  of  systema. 

Column  *'  B, "  rating  for  wet  return  main  of  a  gravity  ssratem. 

Column  "  C,*'  rating  for  main  return  of  the  poeiUve  differential  system. 

Column  "  D,"  rating  for  the  main  return  when  it  is  above  the  water  Ime  in  a  dry  return  gravity  system. 

Coliunn  "  E/*  rating  for  the  branch  returns  of  the  positive  differential  system,  and  for  the  branch  returns  that 
are  above  the  water  line  in  a  wet  return  gravi  y  system. 

Column  *'  F,"  rating  for  the  branch  returns  of  a  dry  return  gravity  system. 

Columns  "  O  "  and  "  H,"  rating  for  gravity  ssrstems  where  the  returns  have  unusual  condensing  capacity  and  for 
the  returns  in  vacuum  systems  where  jet  water  is  used. 

If  it  is  desired  to  apportion  the  sises  more  accurately,  follow  each  circuit  and  branch  with  the  distances,  reading 
the  drops  from  the  discharge  on  Diagram  2.  The  sum  of  the  drops  for  flow  on  all  circuits,  drawing  a  line  from  boiler 
through  the  radiator  and  back,  should  all  equal  the  same  total  sum  of  2-ob.  drop  per  100  ft.  or  a  total  of  8  os.  All 
risers  and  mains  should  be  dripped  and  checks  or  thermostatic  traps  placed  at  points  marked  **A*'  in  Fig.  14. 

IS.  Forced  Hot  Water  System. — Diagram  3  is  the  result  of  a  comparison  of  more  than 
seven  friction  formulas  published  by  the  writer  in  " Power"  July  9,  1912.  The  average  seemed 
to  agree  nearest  to  William  and  Hazen's  formula: 

H  -  0.0Q037i  f^ 

H  =  friction  head,  feet  of  water, 
I  =  length  in  feet. 
V  =  velocity,  in  feet  per  second. 
d  =»  diameter  of  pipe,  in  feet. 

If  all  units  are  equidistant  from  the  source  in  the  layout  of  any  piping  system,  the  length  in 
the  formula  may  be  disregarded  as  the  distances  are  balanced. 

In  any  case,  no  matter  how  complicated  the  piping  system,  the  head  through  all  circuits  and  fluid  passages  wiU 
be  the  same,  and  the  velocity  oi  the  flows  will  adjust  itself  accordingly.  It  often  occurs  that  with  some  layouts  the 
problem  becomes  indeterminate,  and  these  constructions  should  be  avoided  by  reducing  to  a  minimum  the  number 
of  passages  for  the  fluid.  Effort  should  be  made  to  avoid  complicated  systems  requiring  accurate  determination 
of  the  drop  and  to  so  plan  the  circuits  that  they  will  give  the  proportional  flow  required  for  each  branch,  with  a 
minimum  of  computation. 

ISa.  Pumps  for  Forced  Hot  Water  Systems. — On  large  plants  two  pumps  should 
be  used,  one  electric  and  one  steam  driven.  If  these  pumps  have  a  rating  for  the  total  capacity 
of  the  system,  they  should  be  placed  in  series;  if  the  rated  capacity  is  ^  of  the  maximum  or  less, 
they  should  be  placed  in  parallel. 

The  pumps  should  be  double  suction  with  hollow  impeller,  preferably  of  brass  or  bronze, 
with  water  packed  bearings. 

B.  t.  u.  per  hr.  X  7.5  „ 

rn J zr^/i — ' — ^^i JZ — I rZT'    ~  gallons  per  mm.,  pump  capacity 

Temp,  drop  X  60  mm.  X  wt.  per  cu.  ft.  at  mean  temp*       ®  ^  j  f      i-      i-       j 

Gal.,  per  min.  X  h  X  8.3  lb.      ,     ,     ,  -      . 

-^r>o-;^V>— V  >—  «■— 7V7v-z — iTr^-,r,r^  ="  brake  horsepower  of  prune  mover 
33,000  X  eff.  (50  to  70  %)  ^  ^ 

in  which  h  =  total  friction  head  plus  safety  factor  in  feet. 

After  calculation  of  required  quantities,  the  nearest  size  frame  built  by  the  manufacturer 
should  be  determined  and  the  layout  adjusted  accordingly. 

The  curves  of  these  pumps  are  such  that  when  the  head  reaches  the  maximum  point,  the  discharge  falls  off  to 
nothing  at  the  rated  speed,  or  the  discharge  increases  to  a  certain  point  and  cannot  be  increased  except  by  an  in- 
crease in  speed. 

If  the  friction  on  the  piping  for  a  certain  capacity  is  greater  than  the  rated  head  on  the  pump,  the  discharge 
will  be  reduced.  If  the  friction  is  less,  the  discharge  will  increase  until  there  is  a  balance  and  the  motor  is  apt  to 
overload  due  to  the  increased  horsepower. 

When  the  head  on  the  gages  shows  the  same  as  the  rated  head  of  the  pump,  the  pump  may  not  be  delivering  the 
water.  There  are  a  large  number  of  installations  where  the  water  delivered  is  not  even  near  the  capacity  of  the 
pump.  It  is  good  practice  when  using  motor  driven  pumps  in  places  where  they  receive  little  attention,  to  specify 
a  Cutler  Hammer  overload  release  so  the  motor  will  be  thrown  out  of  circuit  automatically  when  overloaded. 
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1,232,000 

Totd 

1,6«),000  B.t 

u.  p«r  hr.  (Trtlo  1» 

i,S«).000 

21.3  « 

It.    PC 

min.  X 

.6 

162  s>l.  per  min 

(Omin,  XZOdei.  X 

T.bl 

13.  Bchedule 

•A"gi 

«BT88 

•qiure 

«t  of  3-m1ii 

an» 

diaton  for  thii  Uyo 

ut. 

Wmer 

p«r  .q.  ft.  - 

MM 

-0,028 

t«l.  pe 

«U.  ft.  o 

2.Slfl 

per  100  k,. 

t.  per 

■nia. 

A»ii 

ne  35-ft,  hekd  for  to 

■Iliftfd 

1  frictio 

n. 

191!  X 

33 

R.3  lb.  X  36 
TOft.-lb. 

1.43 

5-  -  2.Bfl  hp..  M,  a-hp. 

r. 

t.  hemd  pet  100  ft. 


Beheduln  "A"- 


Diisnin  3  ehowg  160  nil.  in  3-in.  pipeat  kbout  7  ft.  per  Me.  AS-in.  mdn  will  bearnpleby  eMing  up  tbereet 
of  the  cirruitBDd  have  plenty  of  pDWer  in  the  motor  tDnpnre.  This  mak«  2.S2  or  3  kbI.  P"  min.  per  lOOeq.ft.for 
the  rsdintion.     Usiac  Table  15  lor  equaliistion  of  pipea.  ■  3-in.  pipe  i>  equivuleal  to  32  ?i-in.  pipqeand  two  2H-ia. 

sii  in.  each  which  will  reduce  the  bcHd  glightiy  to  make  up  lor  the  alight  eiE»a  head  in  the  S'in.  np  luiuf  the  ume 
drop  per  lOO  ft.,  in  thia  cue  7  ft.,  and  from  the  salloaa  we  can  eiis  pip«  from  Diagram  3  and  Tablo  16. 

Riaer  1  hu  7.8  gal..  Hud  bi  nil  diatencea  are  alike,  they  can  be  neglected.  From  Diagram  3,  liaer  1  i>  1  in. 
Riaer  2  require*  S.4  gal.  and  will  be  1  ia.  aia  1  in.  giveaover  B  gal.  per  min,  for  7  ft,  loaa  in  head  per  lOOIt.  (Diagram 


3).  etc.     Continue  aa  indica 

The  pump  eboutd  be  2^j  or  3-in.  double  auotion  with  braaa  impeller  ring  b» 
boiea  on  the  pump.     A  3-rBlve  by-paaa  ebould  be  arrvifed  lO  the  water  may  ht 

The  eipaonon  tank  (Fig,  ISA)  ehould  be  supplied  with  pop  Tatre  Kt  at  10  lb. 
an  aatomatie  water  leeder  uid  awing  cbeck  valve,  to  breatk  any  vacuum.     Care  i 


Bcked  at 
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tulle  h»d  of  TO  ft.  ploa  the  lO-lb.  nop 

Ltia  diAchuve  u  ]«d  JDto  the  latum 
tied  together.     It  !■  w«llAo  nwko 


14.  GravitT  Hot  W&ter  Hettting.— The  same  formulaa  for  discharge  of  pipes  do  not  hold 
for  lower  velocities  than  2  or  3  ft.  per  sec.,  as  occur  in  gravity  water  heating.  I.  V,  Serginsky 
in  the  Heatiog  and  Ventilating  Magazine,  November  1913,  translated  and  gave  the  formulaa  of 
Dr.  R.  Bid.  There  are  two  critical  velocities:  Vi  —  -'-,-  ■  the  lower  critical  velocity;  and  Vt 
=  -'—,—  •  the  upper  critical  velocity.  The  proper  selection  of  the  formulaa  (A),  (B),  and  (C) 
given  below  is  mode,  using  {A)  for  velocities  below  Vi,  (8)  for  velocities  between  Vi  and  Vi, 
and  (C)  for  velocities  above  V|.  Both  V,  and  ft  are  in  feet  per  second  and  d  —  internal  diam- 
eter of  pipe  in  inches,  h  =  head  in  inches  of  water  at  the  average  temperature  of  that  in  the 
Byatem  (for  head  in  feet  of  water  divide  by  12). 

These  formulas  from  which  Diagram  4  was  constructed,  are  as  follows: 


A  =  0.0111 


LV 


,  0.226\ 
0.226    , 


th*  aim  rai 
Thia  appHaa 


A   -     -f-  (0.1757)(0.12  + 


■  varioua  tsmperatuita  and  heiihta  may  occur  ii 

head  drop  par  lOtMt  leagiit  of  »t*ndud  pipe.     The  dbcharsa 

aic  loot.  Tile  ciiart  ia  uiuveraal  for  aay  temperature  ooEulitiDn 
weight  per  cubic  foot.  Thia  ij  not  true  where  apecifle  conditio 
he  tolnl  head  available  for  iravity   heatiof  is  the  diSerenc 

»  hei|ht  of  Iheeyetem.     To  determine  the  cubic  feet  per  hour,  d 
H  of  tbe  aaaumed  temperature  drop  by  the  weight  per  cubio  foot  at 
«iU  be  the  cubic  diacharge  for  the  whole  ayatem.     Uiiag  Diagram  4, 
drcuiti.  divide  (be  total  culao  l«et  bjr  tbe  total  •qu'i'e  feet  of  radi 


m 

(O 


hcAtidc,  tbe  writer  a 


:ubic  [eet  t 
the  lee(  bead  of  w. 

ID  weighta  per  culjic  foot  at  tbe  final  and 
IX  average  temperature  multiplied  by  the 
ide  the  heat  ioaa  multiplied  hy  12SS  by  tbe 
t  at  the  average  water  temperatun.     The 
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Table  Ifi  is  an  equalisation  table  based  on  the  friction  formula,  p.  1106,  used  for  I>iagram 
3.  Teats  give  higher  values  for  the  smaller  sise  pipes,  so  there  is  a  safeguard  of  about  10% 
where  the  larger  siie  pipes  are  in  terms  of  the  smaller.  The  light  face  figures  are  the  num- 
ber  of  pipes  of  equivalent  area;  the  heavy  face  figures,  the  number  with  the  same  drop  in 
friction  head  for  the  same  dischar^  per  unit  of  time.  The  heavy  lines  drawn  diagonally 
and  ^ures  on  the  margin  give  the  ratio  on  area  increase  fol  the  number  of  smaller  pipes 
and  also  the  ratio  of  the  decrease  in  velocity. 


l«Mt    5 


All  wlter  aysteii 


e  ths 


with  m  temi 


o  tlu 


deff.  bftxiinuDi  Bhould  be  closed  Byitenu  with  ■  pop  nlve  Mt  %t 
tempenture.  ■'.«..  220  dec.  re<iuiree  &  10-lb^  pop 
■nay  be  open  ByiteDis,  but  it  will  bs  loand  thst  nil 


la  beiDjt  duiieroiu  due  t< 


elihoDd  DJ 


<low  180  dra.  n 
t  water  syitemi  drculate  better  under  ■ 
Objection  haa  been  made  to  cloMd  wa 
roneoui  provided  proper  safety  valvta  are  uaed.  There  ia  jiiat  u  much  dancer  of  blowiag  all  the  water  out  oT 
9  open  (VBtem  and  cracklns  the  caat-iron  boiler  if  eold  water  enters,  u  there  is  from  b  poagible  rupture  from  a 
iUt  tempenture  of  220  dtg.  with  a  proper  aafety  valve.  SafHi;  kU-hm  on  ojj  Stating  tyidnu  ihauld  bt  prvperliomi 
In  gratt  area  o/  Ott  beacr  at  IMt  it  the  totira  of  tht  maximum  ataOailt  enow. 


1    Problsm. — ^iDjid  Orarity  HttI 

T  the  aame  problem  aa  7ii,   15  with  thr 
fourth  Boor.    Water  is  taken  at  210  deg.  average  temperature 
■yatem   with  the  eipauiaa  tank  of  the  same  type  ai 
■ive  a  madmum  temperature  in  the  lyatam  of  22£  d«(.  or  the  Mmt 

Heatloasplus  25%  as  before  -  I.MO.OOO  B.t.u.  (Table  13) 

AvoratB  height  of  ByBtom— echedule  "A,"  Table  13. 
4th  fl.  1360  X  SS  -  7i.S00 
Srd  (1.  1230  X  40  -  49.200 
Snd  fl.  1230  X  20  -  2*.eO0 
Ut  fl.  10*6  X     8  -  13.180 

Mas  161, 7«) 


Ijitltm. — Pif.  Ifl  ia  a  lajrout  lot  a 
a  below,  all  risen  shunted,  and  coil 
30-dcg.  drop.  Thie  will  have  to  be  a 
rater  ayatem  {K««.  15  and  16^).  ~ 
9  6-lb.  Btsam,  and  requires  a  10-lb.  pop  va 


[e  heiiht 


191 ,7i 


-  20.6 


.say  30  ft. 
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rBnc<temp«tiin-Ge.B8lb.,kt32ad«.r.  -W.SIb., 

BU.  ft.  JHT  hr. 


From  Tkbit  S,  p.  1081,  Column  a,  tf  ■(  310  dtm-  F. 
and  Mies  doc.  F.  -  00.34  lb. 

l.W,0Q0 
SO  X  B9.88       *" 
— „,, —  —  1B.73  oil.  ft.  per  hr.  per  100  «q.  tl.  of  lariuM, 
„      .      W).a4  -  M. 


to  ft.  -  0371  ft.  of  w 


0.371  X  100 
300 


-  0,123a  ((.  dropper  100  ft.  of  main;  the! 


Fmui  Diasmm  4.  with  k  drop  of  0.1239  ft,  p«  100  ft.  ud  ■  di«hBr(a  of  802  cu.  ft.  per  hr.,  thi*  6ganm  k  S-in.  nuis 
becuue  (he  dutuioe  h  ahorter  uid  the  drop  is  greater  thui  in  Fig.  17. 

In  thie  lyBtein  ekch  riser  &nd  nuli&tor  is  coaDEelsd  directly  off  the  mun  and  the  power  of  cireul&tion  ie  derived 
Imm  the  coolinc  of  the  ndiitan.  The  eoDneFtion  praetiully  increuee  the  liie  ol  the  main.  The  head  will  haTa 
tobedecreaeMithrDugh  the  riaen  and  radiatonu  the  temperature  falli  along  the  line;  there  will  be  only  a  email  pMt 
of  the  drop  in  temperature  through  any  radiator.     We  have  for  the  main  0.1277  It.  drop  per  lOO-ft.  and  a 

ment  1*  added  and  none  are  minui  lo  the  velocity  will  be  ireater  with  leae  friction  from  fittinga  reducint  on  the  nn. 
One  (Mn.  main  it  equivalent  to  163  H-'n-  pipee  dee  Table  15).  With  GKW  ft.  Buiface  lake  IH  tim«  tor  the  firet 
Soot,  t  tor  the  eeeoad  and  third,  and  fi  lor  the  fourth  Boor. 


^W~^ 


%s*<, 


-f 


Fig.  17. — Overhead  gravity  hot  water  open  tank  eyatom  layout,  170  deg.  avcmge  temperature,  3A  deg.  drop. 
Far  Gist  Boor; 

■'  \_?L',-  -  0.OS27  H-in.  pipee  per  «q,  ft.  of  radiation  -  fi.27  )i-in.  pipe*  per  100  «a.  ft.  or  from  Table   16, 


~S50a~  ~  °'<"^'  ^^'■°'  P'l™  I>"  ")'  ^''  "'  radiation  -  3.51  ^i-in.  pipes  per  100  sq.  ft.  or,  from  Table  15, 
equivalent  lo  a  Hi-ia.  pipe  per  100  *q.  ft.  of  ndiatian. 

'  ^5M0^^  "  "■''^^^  **-"■  P'P"  ^"  "1-  '*•  "^  '■dialion  -  1,83  Ji-io.  pip«  per  100  sq.  ft.  or,  from  Table  IS, 
equivalent  to  a  l>l-in.  inpe  per  100  (q.  ft.  of  tadiatiou.     From  the  above  and  the  sketeb,  tlie  pipe  alMS  may  ba 

eaaily  cclcuUted, 
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Cfravity  Hot  Water  Open  Tank  Syetem  (Fis.  17). — Gravity  hot  water  overhead  system  170  deg.  F.  average 
temperature  water — 25-deg.drop.     Heat  loss  as  before  plus  26%  >  J,?I9«00P  I^*t*v   <7Able  13). 

Heating  surface  *  8244  sq.  ft. 

Total  length  drouit  -  450  ft. 

Outboard  temperature  water  •-  183  deg.:  W  -  60.62 

Return  temperature  water  •>  168  deg.:  W  >  61.04 

W  at  170  deg.  F.  av.  temp.  -  60.8  (Table  2,  Column  6) 

Average  height  of  system: 

4th  floor  2416  X  55  -  132.900 
3rd  floor  1726  X  40  -  69.000 
2nd  floor  1726  X  20  -  34.500 
Ist  floor  2376  X  8  -  19.000 
Total    8244  sq.  ft.  -  255.400 

t.  '  V.       255,400       ^,  ^, 
Average  height  —  "gbJT"  "  31  ft. 

Cubic  feet  per  hour  per  square  feet 
1.540.000 

25  X  60.8  "  ^^^^  *'"•  '*  P^'  ^'• 

100  X  1015 

gog^ —  12.3  cu.  ft.  per  hr.  per  100  sq.  ft.  of  surface. 

Head  -  ^^^g^^g— -  X  31  ft.  -  0.265  ft.  of  water. 

0.265  X  100 

tvq «  0.0588  ft.  drop  per  100  ft.  of  main. 

From  Diagram  4  with  a  drop  of  0.0588  ft.  per  100  ft.  and  a  discharge  of  1015  cu.  ft.  per  hr..  the  sise  of  one  pipe 
necessary  is  8  in. 

From  Table  15  an  8-in.  main  is  equivalent  to  397.7  of  ^^-in.  pipes. 

397.7  X  100 

5250 *"  ^'^^  °'  K-"i'  pipe*  per  100  sq.  ft.  of  radiation. 

As  every  radiator  is  equidistant  from  the  boiler,  in  using  Table  15  we  have  4.82  of  ^-in.  pipes  for  each  100  sq. 
ft.  of  surface.  By  following  the  diagram  and  adding  up  the  number  of  ^i~in.  pipes  necessary  for  the  required 
radiation  in  the  branch,  the  nearest  sise  can  be  found  from  Table  15.     The  square  feet  of  radiation  are  indicated 

at  the  top  of  each  riser.     Riser  3  has  680  sq.  ft.  surface.    Tq^-^ —  •■  32.6  of  M-in.  pipes.     From  Table  16  these 

OOA  V  A  R2 

are  equivalent  to  one  3-in.  pipe.     Riser  4  has  996  sq.  ft.  surface.    t^^ —  •■  48  of  fi-in.  pipes.     From  Table 

15  these  are  equivalent  to  one  3H-in.  pipe.  Where  a  sise  is  a  little  small  in  one  circuit,  make  the  next  a  little  larger. 
These  pipes  may  also  be  sised  in  th«»  same  manner  as  for  forced  hot  water  heating  by  assuming  the  same  drop  per 
100  feet,  and  the  cubic  feet  of  water  per  100  sq.  ft.  of  surface,  or  the  quantity  0.0588  ft.  per  100  ft.  and  12.3  ou. 
ft.  per  100  sq.  ft.  per  hour,  using  Diagram  4. 

Tne  expansion  tanks  should  be  set  at  least  5  ft.  above  overhead  main  and  connected  to  the  return  of  Ixuler  by 

a  1  H-in.  pii>e.     Tl  ere  is  a  total  of  about  9000  sq.  ft.  and  with  a  factor  of  1 .5  pints  per  sq.  ft..  -^ g —  — ^ —  " 

1700  gal.  in  the  system,  or  yx"  *  230  cu.  ft.     Assuming  the  water  cold  at  70  deg.  F..  and  that  230  deg.  F.  is  the 

*K  4  .         *  *u  *      .     *u  *        •    62.3  -  59.37       2.93        .  _^ 

maximum  temperature,  the  percentage  expansion  of  the  water  m  the  system  is  ^  „  "  go^  «  4.7%. 

4.7%  of  230  cu.  ft.  -  10.8  cu.  ft.  -  81  gal.     A  100-gal.  Unk  will  be  hirge  enough. 

16.  Hot  Air  Furnace  System. 

16a.  Furnaces. — Hot.  air  furnaces  are  best  adapted  for  heating  dwellings  under 
2000  sq.  ft.  ground  area,  and  small  churches  or  auditoriums  where  intermittent  operation  is 
largely  the  practice.  Small  plants  may  be  installed  for  lower  first  cost  than  for  other  types  of 
systems.  The  specific  heat  and  carrj'ing  capacity  of  air  as  a  heating  medium  limit  the  econom- 
ical use  of  furnaces  for  large  plants,  increasing  the  fire  risk  and  cost  of  both  operation  and  instal- 
lation. Their  action  is  responsive  and  quick  due  to  the  comparatively  small  weight  of  the 
apparatus  and  medium,  making  an  ideal  system  for  intermittent  operation  under  these 
conditions. 

The  fuel  rate  is  high  for  all  hot  air  systems  in  zero  weather,  but  due  to  the  wide  range  of 
carrying  capacity  and  temperature  of  air  as  a  medium  to  meet  outside  weather  conditions, 
hot  air  systems  give  an  economical  overall  fuel  rate  for  the  entire  season.  The  furnace  should 
not  have  a  greater  capacity  in  square  feet  of  heating  surface  than  that  for  which  the  flue  is  de- 
signed, or  incomplete  combustion  due  to  low  flue  temperature  will  occur.  The  height  of  flue 
is  more  important  than  grate  area.  A  draft  of  0. 16  to  0.2  in.  of  water  should  be  available,  espe- 
cially for  soft  coal.     Where  the  chimney  is  of  minimum  height,  the  furnace  should  have  little 
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flue  travel;  where  the  height  is  available,  longer  flue  travel  is  permissible.    A  cool  smoke  pipe 
is  no  sign  of  economy  and  usually  means  incomplete  combustion. 

The  hot  air  furnace  conaista  of  a  caat-iron  grate  and  fire  pot  in  which  the  fuel  ia  burned,  a  oaat-iron  oombuataon 
dome  with  the  fire  door,  and  a  caat-iron  or  aheet  metal  radiator  through  which  the  gaaea  paaa  to  the  ehimmqr. 
The  whole  is  encased  in  galvanised  iron,  aometimea  with  a  double  casing  with  air  space  for  inaulation.  The  arvAof 
diameter  of  the  grate,  always  given  in  catalogues,  and  the  height  of  the  chimney  determine  the  fuel  capacity,  tha 
total  coal  consumed  per  hour,  and  the  rate  per  square  foot  of  grate.  This  is  primarily  the  limiting  capacity  of  any 
furnace  no  matter  how  much  cooling  surface  may  be  between  the  grate  and  flue.  The  average  furnace  aecona 
from  5000  to  6000  heat  units  per  lb.  in  combustion  of  soft  coal  and  from  7000  to  8000  heat  unite  per  lb.  in  combiia* 
tion  of  hard  coal.  The  average  fuel  rate  per  hour  per  square  foot  of  grate  for  the  winter  ia  about  4  lb.  It  may  ba 
as  high  as  8  lb.  (with  low  outside  temperaturea  and  good  draft)  and  as  low  as  2  to  2H  lb. 

The  cast-iron  fire  pota  are  ribbed  or  alotted  for  use  witb  aof t  coal  in  order  to  provide  ample  air  aupply  few  the 
combustion  of  the  volatile  producta  distilled  from  the  fuel  bed.  They  are  often  built  in  two  pieces,  one  of  which 
may  be  replaced  with  a  gaa  ring  in  order  to  bum  gas  and  coal  in  conjunction.  The  fire  pot  is  the  first  part  of  tha 
furnace  to  be  replaced.  If  the  casting  is  too  heavy,  the  radiating  qualities  are  reduced,  and  if  it  is  too  light,  it  ii 
liable  to  warp  from  tl  e  heat.  AU  fire  pots  deteriorate  with  time  and  use  due  to  slow  oxidation  of  the  iron,  and  for 
good  economy  they  should  be  replaced  every  3  or  4  yr.  If  the  sides  of  the  fire  pot  are  nearly  perpendicular,  the 
ashes  are  less  likely  to  collect  on  the  sloping  sides  and  interfere  with  the  proper  combustion  of  fuel. 

The  radiator  is  the  heating  aurface  forming  the  paasage  for  the  gases  to  the  chimney.  In  some  eases  this  ia  set 
directly  on  the  fire  pot  and  combined  with  the  combustion  dome.  Cast  radiators  should  be  conatructed  so  aa  to 
insure  against  gas  leakage  in  the  use  of  soft  coal  by  having  as  few  joints  as  possible .  The  caat-iron  radiator  has 
fewer  joints  than  a  steel  radiator  and  ia  practically  immune  from  corrosion,  but  the  heating  surface  ia  more 
limited  than  that  of  the  sheet  metal  type.  The  great  trouble  with  all  hot  air  furnaces  is  the  deterioration  of  the 
joints  and  the  nuisance  of  coal  gas  leakage  into  the  rooms.  These  joints  are  made  with  a  cup  or  groove  and 
tongue  packed  with  an  asbestos  cement.  As  far  aa  joints  are  concerned,  if  the  furnace  is  taken  down,  cleaned, 
and  the  joints  remade  about  every  4  years,  there  will  be  little  trouble  from  this  cause  with  any  of  the  tsrpea.  The 
average  furnace  contains  18  to  22  sq.  ft.  of  heating  surface  pei  square  foot  of  grate,  and  the  better  clasa  containa  10 
to  30  sq.  ft.  per  sq.  ft.  of  grate.     This  quantity  is  seldom,  if  ever,  given  in  catalogues. 

Some  furnace  manufacturers  have  diacarded  the  use  of  the  radiator  and  use  an  extra  large  combustion  chamber. 
This  is  advantageous  with  a  low  chimney  because  the  travel  of  the  gases  and  the  frictional  reeiatance  are  reduced. 
The  use  of  the  radiator  gives  long  flue  travel  and  ia  advantageous  with  high  chimnesrs  where  greater  preaaure  is 
available. 

Furnaces  are  sometimes  encased  in  brick  but  generally  with  galvanised  iron,  and  in  the  better  class  of  fumaoe, 
with  a  double  galvanised-iron  casing  with  1-in.  air  space  for  insulation.  Brick  settings  are  large  and  undeairable. 
A  plenum  chamber  is  generally  formed  in  such  manner  that  the  cross  radiation  from  the  high  temperature  heating 
aurfaces  interferes  with  the  flow  of  warm  air,  resulting  in  low  velocities.  Such  is  not  the  case  with  galvanised-iron 
casings  which  are  smooth  and  in  better  proportion  with  the  required  area.  Brick  settings,  however,  are  more  dur- 
able. All  sudden  changes  in  areaa  and  velocities,  where  the  flow  of  fluids  is  involved,  cause  losa  of  head  or  reaiatanoe 
to  flow. 

The  cold  air  connection  is  generally  taken  from  the  outside  with  an  overhead  or  a  flue  under  ground  leading 
into  the  base  of  the  furnace.  A  return  flue  should  be  taken  from  the  floor  above,  preferably  in  a  hall,  and  fitted 
with  a  damper  so  recirculation  may  be.  established  at  will  for  extreme  weather  due  to  the  high  peak  load  and  ex- 
cessive fuel  requirements.  The  velocity  and  power  of  the  flues  is  increased  by  the  use  of  out  door  air.  The  eofd 
air  flue  should  have  75  %  of  the  combined  area  of  the  hot  air  fiuea.  Fans  may  be  used  in  connection  with  furnace 
heating  either  to  recirculate  the  air  or  to  take  it  from  out  of  doors. 

166.  Flues  and  Hot  Air  Pipes. — Hot  air  pipes  arc  round  except  when  passing 
up  stud  partitions.  They  are  made  of  IX  tin  or  26  galvanized  iron,  and  bhould  be  graded  up 
in  the  direction  of  floor  1  in.  in  10  ft.  Where  leads  from  the  furnace  are  over  15  ft.,  add  1  in. 
to  diameter  for  each  additional  10  ft.  No  horizontal  lead  should  be  less  than  8-in.  pipe  diameter. 
When  pipes  are  14  in.  and  over,  they  should  be  connected  to  the  furnace  bonnet  with  twin 
connections  and  Y  branch.  Where  long  runs  occur  or  where  the  pipes  arc  in  an  outside  wall 
double  pipe  is  used.  Also  if  double  pipe  is  used  in  round  section  for  long  smoke  flues,  it  will 
help  the  draft.  There  is  no  economy  in  a  cold  smoke  pipe.  It  would  mean  that  a  hard  fire 
would  have  to  be  operated  simply  to  keep  up  proper  combustion  and  flue  temperature. 

If  the  furnace  has  a  aingle  casing,  it  should  be  covered  with  a  layer  of  paper  or  corrugated  pipe  covering  wired 
on.  The  horizontal  air  piping,  especially  the  long  runs,  should  be  wrapped  in  the  same  manner.  There  will  be  a 
large  aaving  in  fuel  and  efficiency,  and  a  warm  cellar  will  be  avoided  if  piping  and  furnace  are  inaulated.  All 
stacks  should  run  in  inside  walla  and  an  inaide  chimney  will  help  the  draft  to  a  greater  extent  than  one  outaide  the 
building. 

Registers  are  known  aa  wall,  floor,  baae,  flat,  and  convex.  Floor  registers  require  a  tin  or  galvanised  regiater 
box.  Convex  registers  are  those  whose  lattice  extenda  beyond  the  wall  face  in  order  to  give  a  greater  percentage  of 
free  area.  It  ia  not  safe  to  calculate  on  more  than  60  %  dear  area  for  regiater.  Table  17  gives  the  capacity  of  moit 
common  aisea. 
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Provision  should  b«  made  to  remove  a  certain  portion  of  the  air  from  the  building,  although  in  most  residences 
B  coiMtruction  permits  considerable  air  change.     Fireplaces  make  excellent  outlets  for  the  removal  of  air. 

16c.  Designing  Data  for  Hot  Air  System. — Table  18  gives  the  capacities  in  cubic 
et  of  space  heated  by  hot  air  furnaces,  and  total  cross  section  of  the  furnace  pipes  that  may  be 
pplied.  The  area  between  the  casing  proper  and  radiator  should  be  120  %  of  the  area  of  the 
pes  supplied.  These  capacities  are  based  on:  (1)  8  lb.  of  fuel  per  sq.  ft.  of  grate,  which  rate 
ay  be  easily  obtained  in  zero  weather  with  a  good  flue;  (2)  the  initial  temperature  with  all 
itside  air  at  —10  deg.  F.,  0  deg.  F.,  and  +10  deg.  F.,  (3)  air  heated  to  180  deg.  and  entering 
e  room  at  150  deg.;  and  (4)  70  deg.  room  temperature. 

The  capacity  of  a  furnace  in  cubic  feet  of  space  heated  is  not  sufficiently  accurate  due  to 
e  variation  in  requirements.    The  total  area  of  heat  pipes  in  square  inches  is  deflnite  when 
e  B.t.u.  losses  and  pipe  sizes  are  determined. 
\tH^  total  heat  units  per  hour  required  for  the  air  to  be  raised  from  0  to  180  deg. 

h  a  B.t.u.  loss  determined  by  glass  and  walL 

a  »  total  area  of  pipes,  in  square  inches. 

A  »  square  feet  grate  area. 

d  =  density  of  air  at  165  deg.  F.  =  0.0635  lb.  per  cu.  ft.  (Table  3,  col.  3). 


Tablb  17. — Capacities 

AND  Dimensions  of  Warm  Air  Piping  and  Rboisters 

Diameter  of 

round  cellar 

or  riser  pipe 

(inches) 

Rectangular 

riser  pipe 

(inches) 

Area  of 

riser  pipe 

(aq.  in.) 

Required  free 

area  register 

face 

(sq.  in.) 

Siae  of  round 
register 

(diameter  in 
inches) 

Sise  of  wall 
register 
(inches) 

• 

Sise  of  floor 
register 
(inches) 

0 

3       X    9H 

28 

52 

10 

8X8 

8X8 

6H 

3H  X    9H 

33 

62 

7 

3H  X  11 

38 

72 

10 

8  X  10 

8  X  10 

7M 

3H  X  12H 

44 

84 

8 

3H  X  14 

50 

96 

12 

8  X  12 

8X  12 

8H 

4  X  14 

67 

108 

9 

4  X  16 

64 

120 

14 

10  X  12 

10  X  12 

9H 

4  X  18 

71 

134 

10 

4  X  20 

78 

142 

14 

12  X  12 

10  X  16 

10>i 

6  X  14H 

86 

158 

11 

6  X  16 

95 

176 

16 

12  X  16 

12  X  16 

iiH 

6  X  17H 

104 

194 

12 

6  X  19 

113 

204 

18 

14  X  16 

12X  20 

12H 

6  X  20H 

122 

222 

13 

6  X  22 

132 

242 

18 

14  X  18 

14  X  18 

13H 

8  X  18 

143 

254 

14 

8  X  19 

154 

276 

20 

16  X  18 

14X22 

14M 

8  X  20H 

165 

298 

15 

8  X  22 

176 

320 

24 

16  X  20 

16  X  20 

16 

8  X  25 

201 

358 

24 

18  X  20 

16  X24 

18 

10  X  26H 

254 

450 

24 

20X24 

18  X27 

20 

12  X  26 

314 

554 

28 

22  X  26 

20X30 

22 

14  X  27 

380 

686 

30 

24  X  30 

24  X  30 

23 

14  X29H 

415 

707 

30 

27  X  27 

24X82 

24 

14  X  32 

452 

770 

30 

28  X  28 

24  X86 

Velocity  in  the  casing  =  5  ft.  per  sec. 

Area  of  the  casing  in  square  inches  «  1.2  X  a. 

Specific  heat  of  air  =0.24  B.t.u.  per  lb. 


H  = 


3600  sec.  X  5  ft.  X  1.2^  o*^  X  (180  -  0)  X  0.24  X  0.0635 

144 


=  (411  X  a)  B.t.u.  per  hr. 


All  hot  air  furnace  ratings  are  based  on  air  entering  at  0  deg.  F.  and  raised  to  180  deg.  F.  and  with  a  temperature 
tering  the  room  at  150  deg.  F.  in  aero  weather  with  the  room  at  70  deg.  F.    In  ease  a  greater  air  supply  is  de- 
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If  the  air  ia  redrcuIatAd  or  raiaed  fram  70  dac-  ioataad  of  0  da^ 
„  _  (ISOda,.-TOda,.)xl>  _,,„.,.  „„, 


iOdaB-  - 


IS  forir 


If  tha  furaaoe  UM9  7500  B.t.u.  per  lb.,  of  tbe  12,000  B.t.u.parlb. 
»™lftblefronithi!fud.lli.^^  -  Oi%  efficient. 

For  air  anteriQc  at  0  deg,  F,,  the  coal  oooaumed  par  hooria 
torni»DtB.t.u.loaaia|~fc-0.0003*(poiindi).  For airant«clB( 
at  70  dei.F.  tlie  coal  coiuumed  per  hour  in  poiuida  ia  -^ 
0.000IS3A.  If  B  lb.  ot  eoal  an  burned  per  ■ 
area  per  hour  in  eitrems  weatber.  the  crate  area  in  tanna  ot  B.t.n. 
laeaia-^-g •  0.0000375A  aq.  ft.  for  air  enteiinc  at  0  dai.F.,  ud 


•  7500 


IftbatoUUeatloaaea 

plua  25  %  f  or  a  buiidinc  are  .ay  120,000 

B.l.u.  perhr.  for  air  ente 

ring  at  0  dea.  F„  the  coal  burned  la 

1M.000  X  0.0003  -36  lb 

per  hr.  and  tha  <n>t«  arm>  ta  120.000  X 

0.0000376  -  4.5  .q.  It,:  : 

or  air  enteriof  at  70  dec.  F..  (h.  ceal 

burned  is  130.000  X  O.OOO 

S3  -  22  lb.  per  hr.  and  the  (rata  area 

il  120,000  X  0.0000228  - 

2.7S  «i.  It. 

Table  19,  bj-  R,  C.  C 

rpenter,  givea  the  velocitlea  peraqoaca 

loot  of  flue  with  60%   allowed  for  friction.     The  dWerenee  in 

temperature    between    th 

DUtaide  air  and   tliat  in   the  9(N, 

[niniXa  at  165  deg.  F.  %nn»,  with  a 

denait/  of  0.0636  lb.  ptr 

cu.  ft.,  a  .pedfid  beat  of  0.34.  and  ■ 

h 

SO  min.  X  0.0635  X  O.M 

From  Table  19  and 

160  des.  diSerenee  between  flua  and 

outaide,  I'D  have  lor  firX, 

msond,  and  third  Boon 

Firat  floor S 

[t.  height 2SB  ft.  per  min. 

Second  floor 11 

(I,  height 410  ft.  per  min." 

Thirdfloor 20 

ft.heighl 683  It.  per  ndn. 

Th.  flue  areaa  will  bo 

Krrtfloor°°"^g^  '" 

-  O.0137A  X  0.4S3  -  0.006lUaq.  In. 

Second  floor ''■'"^^*„^^* 

-  -  0.0137*  X  0.344  -  0.0M7*  aq.  in. 

Third  floor  °-'""/J<"^ 

-  0,0137*  X  0.243  -  0.0033*  aq.  tn. 

lid.  Rules  GoT«niine  Hot  Air  F 

1.  An  offset  in  jthe  riser  pipe  is  equivaleat  to  ui 
Ekddition  to  the  length  of  the  cellar  pipe  and  should  be 
counted  in  when  measuring  the  total  length  of  pipe. 

2.  When  the  warm  air  pipes  are  taken  from  the 
top  of  the  bonnet  of  the  heater,  the  tops  of  &11  elbowa 
should  be  on  a  level  Bo  the  flow  will  be  equal. 

3.  An  air  spaue  should  be  left  around  &11  pipes 
passing  through  masonry  walls  so  that  the  pipe  will 
not  be  chilled. 

4.  AH  pipes  should  have  dampers  close  to  the 
furnace. 


cc  1-161 


HEATING,  VENTILATION,  AND  POWER 


1117 


'able  19. — Quantity  op  Air  dischaboed  in  Cubic  Feet  Per  Minute  Through  a  Flub 

1  Sq.  Ft.  in  Sectional  Area 


External  temperature  of  air  ; 

32  deg.— 

Friction  50%.  (By  R.  C. 

Carpenter) 

HeiRht 
of 

Excess  of  temperature  of  air  in  flue  above  external  air 

flue 

(ft.) 

5  deK. 

10  deg. 

15  deg. 

20  deg. 

25  deg. 

30  deg. 

50  deg. 

100  deg. 

150  deg. 

1 

24 

34 

42 

48 

54 

50 

76 

108 

133 

5 

55 

76 

04 

100 

121 

134 

167 

242 

208 

10 

77 

108 

133 

153 

171 

188 

242 

342 

410 

15 

04 

133 

162 

188 

210 

230 

207 

410 

514 

20 

108 

153 

188 

217 

242 

265 

342 

484 

603 

25 

121 

171 

210 

242 

271 

207 

383 

541 

663 

30 

133 

188 

230 

265 

207 

325 

410 

503 

726 

35 

143 

203 

248 

286 

320 

351 

453 

640 

784 

40 

153 

217 

265 

306 

342 

375 

484 

684 

838 

45 

162 

230 

282 

325 

363 

308 

514 

724 

880 

50 

171 

242 

207 

342 

383 

410 

541 

765 

037 

60 

188 

264 

325 

373 

420 

461 

504 

835 

1006 

70 

203 

286 

351 

405 

465 

407 

643 

000 

1115 

80 

217 

306 

375 

453 

485 

530 

688 

065 

1185 

00 

220 

324 

308 

460 

516 

564 

727 

1027 

1225 

100 

243 

342 

420 

485 

534 

504 

768 

1080 

1325 

125 

273 

383 

458 

542 

604 

662 

855 

1210 

1480 

150 

208 

420 

515 

506 

065 

730 

042 

1330 

1030 

6.  When  heating  rooms  on  the  cold  side  of  the  house  or  a  room  with  a  large  amount  of  glaaSy 
ace  one  register  in  the  floor  as  near  as  possible  to  the  furnace  and  a  cold  air  register  face  in  the 
>or  under  or  near  the  window  and  connect  with  a  separate  pipe  to  bottom  of  casing,  thereby 
moving  cold  air  from  room  and  inducing  a  flow  of  warm  air. 

6.  Always  take  the  cold  air  supply  from  the  coldest  side  of  the  house — ^west,  northwest,  or 
)rth. 

7.  Cold  air  box  should  be  ^  the  total  area  of  the  warm  air  pipes.  When  recirculating  air 
should  be  equal  to  area  of  the  warm  air  pipes. 

8.  A  cold  air  pit  under  the  heater  should  never  be  more  than  14  in.  deep;  a  pier  in  the  center 
desirable  to  support  the  ash  pit.     With  more  than  one  air  opening,  place  a  partition  across. 

9.  Where  there  is  a  long  run  for  the  smoke  connection,  the  smoke  pipe  should  be  covered 
id  allowance  made  in  the  chimney  height,  or  the  flue  gases  will  be  chilled,  reducing  draft 
"essure  and  interfering  seriously  with  the  operation  of  the  plant.  The  chimney  should  be,  if 
NEtsible,  inside  the  building  instead  of  outside.  Where  long  runs  of  smoke  pipe  occur,  use 
tuble  pipe  with  an  air  space. 

16.  Indirect  Heating  System. — ^The  indirect  heating  sjrstem  is  a  combination  system  in 
lich  steam  or  hot  water  is  employed  to  heat  pipe  coils  or  radiators  over  which  air  is  circu- 
bed  or  blown  and  transmitted  through  ducts  to  the  various  rooms  of  a  building.  There  are  two 
ethods  of  producing  circulation,  one  by  gravity  and  one  with  blowers.  Gravity  indirect 
stems  are  so  uncertain  that,  except  for  house  heating  purposes,  they  are  becoming  obsolete, 
a  the  other  hand,  electric  current  ib  so  easy  of  access  and  low  priced,  that  when  hot  air  heating 
desired,  it  is  far  more  satisfactory  and  the  operation  is  more  certain  if  a  fan  and  motor  are 
ed  to  force  the  air  through  the  coils  and  ducts.  The  cost  of  the  system  is  thereby  largely 
duced  and  less  space  is  required. 

Indirect  radiators  are  built  of  pipes  or  cast-iron  sections,  and  in  stacks  for  heating  individual 
les.  Except  when  very  high  pressure  steam  is  required,  the  use  of  "Vento"  catt-iron  radia- 
rs  is  superseding  the  use  of  pipe  coils  to  a  greater  and  greater  extent.  Both  the  size  of  a  pipe 
il  stack  and  the  number  of  sections  in  a  cast-iron  indirect  radiator  depend  upon  the  volume 
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irf  ftir  to  be  passed  througli  it.  Stacks  u«  ammged  in  seriea,  in  parallel,  or  in  ■erieo^uinlkli 
all  dependii^  on  the  desired  increase  in  ur  temperature,  the  volume  of  air  to  be  heated,  and  the 
pattern  of  the  radiator  itself. 

IT  ths  volumfl  of  Air  to  be  heatod  it  niuU,  M  Id  hoiua  boKtins*  the  problem  of  deugninc  uid  asIeGtiiic  indifMl 
nduton  it  timplified,  forofteo  onendiator.  one  itoek  deep,  uiufficieat  to  take  ore  of  the  volutnt  of  >lr.  Tie-  U 
■how*  a  typical  cut-Iran  indirect  radiator  arrauied  to  take  air  from  out  of  doon  and  diieharie  it  by  iraTitT  thno^ 
a  flue  iolo  a  loam.  Thae  radiatora  are  aometimM  ammssd  as  that  all  or  part  of  the  air  iapaaiEd  through  «br- 
paaaed  around  the  atack,  with  twodemperm  workincin  conjiumtion  in  such  a  nuumer  that  the  air  mal' be  temptrtd 
,t  wilt.     The  dampen  may  be  operated  by  hand  or  with  a  thermoatat. 

>e  heated  ia  large,  the  problem  ia  aomewhat  more  ioTolved,  due  to  the  large  numher  <d 

ting  probleme,  howeTer,  are  aolved  in  about  the  same  general  manner,  whether  the 

volume  ol  delivfred  air  ii  large  or  small.     It  the  volume  1)  Urge,  the  isdlatoa 

may  either  be  made  larger  or  a  number  of  them  may  be  plaoad  in  ptinilld,  a 

of  free  area  muat  be  inereaeed,  either  by  plaeiDg  the  ataeka  in  aerlaa,  or  by 
sclec^g   one  ttack  whoae  particular  deugn  givea  the  neeeaaary  amount  ti 

The  amount  of  heat  to  be  delivered  in  the  air  in  the  rooma  ia  the  produet  of 
(be  volums  and  temperature  rise  depend  on  the  iguare  feet  of  heating  lutfaee 
per  square  foot  at  free  area,  -j-  —  /.  and  the  velocity  of  the  air,  the  beat  to 
be  delivered  atao  depends  on  the  ratee,  ~t-  ~  f-  I'd  the  velocity  of  the  air,  S 
being  the  number  of  etickg  In  aeriei.     It  a  velndly  is  avumed,  and  the  lempae- 

a  stack  of  a  certain  pattern  or  a  numlwr  of  stacks  in  aerie*  of  a  eertain  patt«ni 
may  be  selected  from  Table  20.  (Bee  Art,  ISo  lor  method  of  computing  the 
After  the  patters  of  atack  and  the  numt>er  of  atacki  in  seri**  are  seleoted,  ill* 
rom  the  volum*  and  the  velocity  to  compute  the  free  area  from  A  —  -»'  Following  this,  with  nlue* 
of  the  free  area  A,  and  the  ratio/ (Table  20).  the  toUl  heating  surface  may  be  computed  from  JVi  -  A/.  Tb* 
value  of  fr,  thus  computed  thould  agree  with  the  value  of  S  computed  Irom  S  -  Btu-^l>»r  hr.  ^j^^.  Th, 
transmission  factor  K  ia  defined  in  Art.  IW.  {ft  —  M  Ls  the  mean  temperature  difference  between  the  al«un  and 
air  and  ia  computed  from  Eq.  3,  Art.  IW. 

With  the  total  heating  surface,  the  heating  surface  per  section,  and  the  number  of  stacka  in  seiiea,  the  total 

number  of  seotiona  and  the  number  of  sectiona  per  eUck  may  be  computed.     (Bee  illustrative  problem  in  Art.  I<k.> 

Where  the  radiators  are  in  serin,  and  ff  i*  used  to  denote  the  number  of  etacka,  it  is  eaaily  seen  that  the  heating 

Where  one  stack  deep  only  i*  und,  this  redum  to  /  -  ^  -  2'  '^*  *''°^''  <!ODu<i>ntion*  aamme  th«t  aU  tha 
radiatorm  are  in  aeries.  Practically,  whetv  the  volumeissngreat  that  a  radiator  ia  too  long  if  it  ia  built  i^>  of  enoogh 
••etions  to  satisfy  th*  beating  demand,  it  may  be  cut  in  two  or  more  pieces  making  two  or  more  ladiatoca  in  parallel; 
in  other  word*,  two  or  more  stacks  in  parallel.  In  that  case,  JV  -  1  the  same  aa  before.  N  only  reterriog  to  th* 
number  of  atadu  deep  or  the  number  of  atacka  in  aerie*.  The  quantity  i  Is  the  surface  of  all  the  ladiaton  la 
any  on*  row  in  parallel. 

16a.  VentOatloa  wltli  Indirect  Heating. — Care  shotild  be  taken  in  assuming  ■ 
temperature  at  which  the  air  ia  to  enter.  The  best  temperature  to  aBsume  depends  on  the  desired 
number  of  air  changes  in  the  room  per  hour  and  varies  between  being  too  cool  to  be  effective 
and  too  hot  for  comfort.  The  number  of  air  changes  per  hour,  neglecting  infiltration,  is  the 
volume  of  air  necessary  to  furnish  the  B.t.u.  losses  divided  by  the  cubic  contents  of  the  room. 
If,  by  trial,  certain  temperature  assumptions  give  too  great  or  too  little  air  change,  new  assumiK 
tions  will  have  to  be  made  before  starting  the  design  of  appropriate  etacka. 

Since  the  air  leave*  the  room  through  foul  air  ducts  at  room  temperature  and  is  discharged  into  the  atmospbata, 
which  is  often  much  below  aero,  it  is  easy  to  see  that  more  heat  must  Im  f  urniehsd  by  the  indirect  radiator*  than  I* 
necesaary  to  supply  the  heat  loaseai  in  fact,  the  exact  amount  to  be  furnished  ia  that  lost  in  the  ducts,  that  ussd  to 
supply  the  room  losses,  and  that  which  is  lost  to  the  outside  atmosphere  through  the  vents.  For  eismple,  it  th* 
outeide  atmosphere  were  at  -  10d<«.F.,  the  airleaving  the  radiator  at  l2Sdeg,  F,.  the  temperature  dropinthedMlg 
at  Gdeg.  F.,  the  temperature  of  the  air  entering  the  room  at  120  dog.  F.,  and  the  room  temperature  TO  dec.  7.,tta 
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Table  20. — Data  on  Ttpbs  op  Cast-Ibon  Indirect  Radiatobs 


Pattern 


iction  Pin. 


liar  Bootion  Vento. 


in.  wide. 


Heating 

Width 

surface 

of  each 

Spac- 

Length 

Heiffht 

per 

radiator 

ing 

an.) 

an.) 

section 

in 

0.  to  c. 

(sq.  ft.) 

stack 

an.) 

S 

On.) 

Isior  standard, 
jtry  school  pin 

ing 

inal 

ow  Vento 

n.  wide 


36Vi 
36Vi 
36>i 
36>i 
36 

36 
36H 


36H 

37>i 

40 
40 
40 


50 
50 
50 

60 
60 
60 

30 
30 
30 
30 

40 
40 
40 
40 

50 
50 

50 

60 
60 
60 

72 
72 
72 


10 
10 
14 
14 
14 

8 

15>i 


mi 


41 


51 


eoH 


30 


41 


50«Hi 


60^ 


72 


10.0 
10.0 
15.0 
15.0 
12.0 

12.0 

20.0 
20.0 

20.0 

15.0 

7.5 
7.5 

7.5 

9.5 
9.5 
9.5 

11.0 
11.0 
11.0 

8.0 
8.0 
8.0 
8.0 

10.75 
10.75 
10.75 
10.75 

13.5 
13.5 

13.5 

16.0 
16.0 
16.0 

19.0 
19.0 
19.0 


2H 
2^ 
2H 
2H 
3H 

ZH 

4 
4 

3H 
3H 

3H 


3H 


3H 


3H 


3H 


3H 


3H 


3H 


2H 
2H 
2H 
2H 
SH 

3H 

4 
4He 

3H 

3H 

4H 

5 

5^ 

4« 

5 

5H 

4H 
5 

5H 

4 

5 
6H 

4 

5 

5H 

5 
5H 

4H 
5 

5H 

4H 
5 

5H 


Net  free 

area 

(sq.  ft. 

per  section) 

A 


Sq.  ft.  sur- 
face per  sq. 
net  area  (T) 


0.1965 

0.225 

0.1965 

0.225 

0.355 

0.296 

0.45 
0.494 

0.3 

0.278 

0.525 

0.62 

0.729 

0.65 

0.768 

0.905 

0.781 
0.921 
1.085 


0 
0 
0 


225 
390 
46 


0.542 

0.35 
0.525 
0.62 
0.729 

0.65 
0.768 

0.905 

0.781 
0.921 
1.085 

0.937 
1.104 
1.303 


50.9 
44.4 

76.34 
66.66 
33.8 

40.54 

44.4 

40.5 

66.6 

54.0 

14.28 
12.10 
10.29 

14.61 
12.37 
10.5 

14.1 

11.94 

10.14 

35.6 
20.5 
17.4 
14.76 

30.71 
20.48 
17.34 
14.75 

20.77 

17.58 

14.92 

20.5 

17.38 

14.75 

20.28 
17.21 
14.58 


Friction 

(lb.  per  sq. 

ft.   per 

150-ft. 

velocity     per 

min.    1   stack 

deep) 


0.0187 
0.0166 
0.0270 
0.0230 
0.154 

0.013 

0.0134 
0.0123 

0.0203 

0.01574 

0.00616 
0.00575 
0.00522 

0.00616 
0.00575 
0.00522 

0.00616 
0.00675 
0.00622 

0.0133 
0.0077 
0.00726 
0.00638 

0.0115 
0.0077 
0.00726 
0.00638 

0.0077 
0.00726 

0.00638 

0.0077 

0.00728 

0.00638 

0.0077 

0.00726 

0.00638 


"•or  friction  in  lb.  per  sq.  ft.  for  any  velocity,  divide  by  150,  square  the  result,  and  multiply  by  quantity  in  Jatt 
in.     For  inches  of  water,  multiply  this  result  by  0.1926. 

tlultiply  by  number  of  etAoks  deep  for  total  frjotton. 
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ID  of  tolkl  h>*t  to  tb*  luefu]  hMt  ti  tli*  Mnw  u  the  ratio  of  the  i 
iperatun  ■Homption*. 

Tol«lhe»t        (laadBi. 10d«t. 

Uwful  but  ~     (120  dec.  -  70  dec) 
total  heat  rcquind  -  — ^ '■ — jg  - 


<  138 


condllioiu.  th«  avenue  w*i|ht  of  air  per  eu.  It.  -  0.0T6  <T>bla  1)  ai 

lime  at  air  in  cubic  leel  ig 

'CL076~X 
B  Up  hj  loditecl  Sadiaton.' — The  hi 


Acain,  uainc  thcH  »iiw  temiMnitun 

(pedSe  heat  -  0.24,  tbe  required  volume  of  air  in  cubic  leel  ig 

Uteful  heat  total  heat  required 

0,07S  X  0,2*  X  60  "'0.076  X  0,24  X  136 

il  traaitnilted  by  in 

■team  and  air  or  hot  water  aod  air.  The  traDimiHion  factor  K  i>  the  number  of  B.t.u.  per  equare  loot  of  h 
aurface  per  hour  per  deiree  ot  meui  temperature  diSerence  between  the  fluida.  It  variea  nut]'  with  the  n 
of  the  air  over  tbe  aurface. 

For  caat-iroD  indirect  radiaton 

^ ^Si 

0,047 +  !y 

For  pipe  coil  indirect  radialori 


K  -  - 


I 


,   W.M 


d  -  drniilv  ol  air  at  TO  dec  F.  - 
K  -  tranamiHion  factor. 
■Fotmulaa  given  were  deducEd  from  pip 
ributiona  to  the  acieoce  of  Uealini 
ra  for  theit  capacity  tablea. 
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The  weight  of  air  flowing  in  poundb  p«r  hour  ■■  60  X  Vd, 

The  total  heat  radiated  in  B.t.u.  per  hour  ^  KS  (9«  —  9m), 

The  heat  delivered  by  the  air  in  B.t.u.  per  hour  i-  60  il  Vd  X  Cp{9t  —  9\). 

The  total  heat  radiated  equals  the  heat  delivered  by  the  air: 

Ka{9,  -  9m)  -  fXiAVdCp(9t  -  9i) 
from    which 

eOAVdCpi9t-9i) 

K{fi.  -  9m) 

Subetituting  Eq.  (1)  for  Vento  or  £}q.  (2)  for  pipe  coils  and  Eq.  (3)  for  (9.  —  9m),  we  have  the  heating  aorfaoe  for 
cast-iron  heaters 

a  -  X(0.1176V  +  162.6)  log   (^3^  (4) 

and  for  pipe  coils 

8  -  X(0.1118F  +  127)  log  (jjEr^  W 

Substituting  S  ^  fA  (From  f  ^  '1  "  ~T)*  ^^  C£8t-iron  heaters 

/  -  (0.1176V  +  162.6)  log  (j^^  (•) 

and  for  pipe  coils 

/  -  (0.1118V  +  127)  log  (^j^^  (7) 

Diagram  6  gives  values  of  /  for  various  temperature  conditions. 

16c.  Illustrative  Problem. — Design  a  heater  to  furnish  heat  to  room  1,  second  floor,  Fig.  7*  p.  1004. 
From  Table  13,  total  heat  loss  -  06,430  B.t.u.  per  hr.,  cubic  contents  «  34,272  cu.  ft.,  and  air  changes  due  to 
infiltration  ->  0.376  per  hr. 

Temperature  of  steam  b  220  deg.  F. 

Assume  Temperature  of  atmosphere  »  —  10  deg.  F. 

Temperature  of  air  leaving  heater  ■■  126  deg.  F. 
Temperature  drop  in  ducts  ■■  6  deg.  F. 

Temperature  of  air  entering  room  ^  120  deg.  F. 
Temperature  of  air  in  room  »  70  deg.  F. 

Total  heat  required  -  ^'^^i^^l^o"  ^^^  "  260,360  B.t.u.  per  hr. 

260  360 
Volume  of  air  necessary  —  n  075  X  0.24  X  136  *"  ^^'^•^^  *'"•  '*•  P*'  ^• 

107.160 
Air  changes  -    ^272  +  ^'^^^  •■  3.12  +  0.376  -  3.6  per  hr. 

This  is  good  ventilation,  therefore  the  temperature  conditions  were  well  chosen  for  outside  air  at  — 10  de^  F.  ^ 
inspection,  it  will  be  seen  that  if  the  temperature  of  the  atmosphere  rises,  it  will  reduce  the  number  of  air  «*»*«*g— , 
unless  tempering  dampers  and  a  by-pass  for  cold  air  are  employed. 

The  next  step  in  the  problem  is  to  decide  whether  pipe  coils  or  cast-iron  heaters  will  be  used.     Flni  we  will 
choose  to  use  "  Vento'*  cast-iron  heaters.     A  velocity  of  160  ft.  per  min.  from  Diagram  6  gives  a  value  of  iC  «  2.30; 

Diagram  6  gives  a  value  of  (9*  —  9m)  *  162.0;  and  the  free  area  is  any  |  en  "  12  sq.  ft.    If  theheatiliKinrfaMis 

260,360  B.  t.  u.  per  hr.       __^        .^    ^.       ^,        ^.    ,      779       «,      ^         «     «    a_a   ,-1. 

'     QA  v>  1  Eo  n ■■  779  sq.  ft.,  then  the  raUo  /  -  -7^  -  66.     From  Eq.  6,  Art.  166, 

A,m  X  lo^.u  i« 

/  -  (0.1176  X  160  f  162.6)  log  (^^^"125^  "  ®^-^ 

Values  of  /  may  also  be  read  directly  from  Diagram  6.    Start  with  a  value  of  9t  —  9x  ^  230,  foUow  dcfttad 
line  in  direction  of  arrow  up  to  curve  of  0.  —  9s  -  96,  follow  dotted  line  to  the  right  to  the  cast-iron  ndialoir^dia- 

gram  to  where  the  velocity  «  160  ft.  i>er  min.,  and  on  the  scale  directly  above,  read  the  value  of  /  •-  06.1. 

N 
These  two  values  of  /  agree  very  well,  so  we  can  assume  /  «  66.2.     Let  Z'  •>  -y  -  sq.  ft.  of  surfaoe  per  sq.  ft. 

free  area  per  stack.  Then,  when  JV  -  1,  /'  -  66.2;  AT  -  2,  /*  -  32.6;  AT  -  3.  /»  -  21.7;  AT  -  4,  /»  -  16JI;  and 
iV^  «  6.  y  "  13.0.     The  number  of  stacks  may  be  varied  at  will  by  selecting  a  radiator  of  appropriate  deeign  from 

Table  20.     Values  of  /  are  given  for  each  tsrpe  of  radiator. 

66  1 
In  this  case,  we  will  assume  4  stacks  deep.     Then  S*  -  —jj^  -  16.3.    From  Table  20,  a  regular  section  **  Vento" 

0>i  in.  wide,  72  in.  high.  6  in.  c.  to  c,  and  with  10  sq.  ft.  of  heating  surface  per  section,  has  a  value  of /*  a  |7.2, 
making  /  «  17.2  X  ^  -  68.8.  or  a  little  above  the  requirements.  The  total  number  of  sections  in  the  first  staek, 
or  the  first  row  of  stacks  as  the  case  may  be,  is 

12  sq.  ft.  free  area  ,-^  ,, 

T-77^ Fr~i 'II~\ — I.  ■  10»»  ■•y  11  sections. 

1 .  104  sq.  ft.  free  area  per  stack 

The  total  number  of  sections  then  is  11  X  4  »  44,  and  the  total  heating  surface  is  44  X  19  -  836  sq.  ft.,  or  aome- 
what  more  than  the  780  sq.  ft.  required. 

The  width  of  the  air  spaees  should  be  a  governing  factor  in  selecting  a  t3i>e  of  section  few  indirect  gravity 
heating,  as  the  air  is  liable  to  pMi  without  being  heated  if  the  sections  are  too  far  apart.     The  previous  seleetioii  of 
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utnwtioD  dna  toapua  in  nany  au 
•mpuMivdy  from  T*ble  20,  u  w 


TypaotHCtiODI 

(■Aabea) 

■nm 
ueep 

/ 

flq.ft. 

Itaa 

iaS'oo 

ToUI 
•eotiona 

IX 

t«T 

X  depth 

72-in.VwHo 

40-in.  Vacto 

H 

m 
m 

4 
S 

17. ZI  X  4 

so.ri  X  a 

M.M 

le.o 
■o.rs 

18.0 
20.0 

1.104 

o.aae 

0.3 

44 

74 
M 

40 

830. 0 
7W.fi 
810.0 

0.03904 
0.023 
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Note  thkt  tat  40  In.  Vento  'a  iliabtly  under  r»qiiiremBnta.     Ihii  wm  uljiut«l  by 
mmkiag  th«  ttnm  Kliflhtly  traatar  by  addJai  two  •aeCkina  to  aftab  liar. 

Tba  oait  raqulrtmrnt  it  to  dstcrnuDa  whathar  witb  the  hewi  kvulable  tha 
Telooitiaa  will  be  nkliiad.  The  mathod  of  datarminiiii  tbc  tcaiilsDce  »nd 
velcxdty  i*  u  follctwa:  Ahuow  for  eMh  flue  ■  nnriaonU]  duet  30  ft.  long  with  3 
elbowB  with  a  r»diu«  at  H  the  depth,  ■  flue  tamperatura  of  12G  dag,,  two  reci*tan 
with  75%  of  the  flua  velocity  and  au  effective  heiibt  of  20  ft. 

ThecubicfeetotairrequIredperhouTiilTO.iaOsr2B20su.lt,  per  minute.  Tha 
available  pnHure  lor  12G  de|.  and  20  ft.  hei(ht  (Table  201  li  0.28T  lb.  per  aq.  ft. 
Aatume  30O-ft.  pei  min.  Hue  velocity  with  B  fluea  at  3  *q.  tt.  each,  lay  12  is.  deep. 
From  Table  27.  3  aq.  ft.  with  0.0045  lb.  par  aq.  ft.  drop  io  10  ft.  wUI  civa  B42  ou.  ft. 
par  min.  Awumiof  a  lancth  of  30  tt.  In  tha  cold  air  duet  and  3  elbow*  wttb  a 
radiua  of  H  the  depth,  we  will  nquin  30  ft.  additional  of  pipe  or  30  +  SO  +  30 
-  140  It. 

The  ratio  of  tha  aidia  being  3  X  1.  the  actual  friction  will  be  lor  each  unit  floe 
Hpe  Iriatioo  14  X  1.18  X  O.OOIS  -     0.0743  lb.  per  aq.tt.  (TaUai  17,80} 

Velocity  bMul  0.071  ^  -    ^^  X  0.07S  -      0 .  0383  lb.  per  aq.  ft. 

<  0.0203    -     0. 04131b.  peraq.rt.Eq.4Art.38s 
-     0.0203  1b.  par  aq.  ft.  (Table  90} 
0.1S«21b.  pareq.  [I. 
Tbli  (how*  then  it  ampb  powo  to  overeome  rcaiaUno*  at  tha  aMumed  vetodtiea, 
ktao  that  tha  Vento  itack  4  deep  haa  too  great  re^lanee  when  the  outiide  tam- 

: -—^—- ^        parature  reach**  M  to  U  dag.  tot  tha  diflorenoe  between  the  Sua  and  ontalda. 

^^^■^^       ■        The  available  preaeure  than  ia  O.IB  lb.  per  aq.  ft.  (Table  20). 

^^^^A       <  Tliaiteam  ne«atarv  at  220  dag.  F.  -^^^-  370  lb.  per  hi.      Where  th. 

Jf^^^^^^  valodtlc*  are  high,  uy  around  1200  ft.  per  min.,  when  Ian*  are  uaed.  than  propor- 

^^^^^^^ft  tiana  of  beaten  change;  the  number  ot  atackt  i*  inciaaaed  and  theaectiona  pel 

m 


There  ia  very  little  data  oi 
with  hot  water  but  it  ia  diffieult 
■lack  deep.     Hiere  i*  no  good  rf 
with  tha  aireulated  air.  a  eonatant  ateam  lam] 
room  tamperaton  with  that  ol  the  air  flow  and 

Fen  eoili  are  figured  in  eiactly  the  (ami 
only  with  higher  velodtie*.     An  euinpla  ia  gi' 


indireet  heating  with  low  atean 

o  raiae  the  temperatun  of  the  air  with  only  on* 

laon  or  advantage  in  uiing  indireet  hot  water,  aa, 

ituie  may  b«  uaed,  varyinc  tlw 


IM.  Unit  Fan  HraterB.— Figs.  19  and  20  show  a  r&ther 
recent  innovBtion  called  unit  fan  heaters.  These  are  set  near  the 
floor  with  a  disc  fan  and  motor  to  circulate  the  air  in  shops  and  fac- 
tories. They  give  a  very  effective  distribution  without  ducts  and  tha 
horsepower  of  the  fans  is  only  1  to  1)^  hp.  or  leas,  per  unit.  Oae 
unit  may  handle  60,000  or  60,000  cu.  ft'  of  air  per  min.,  and  the; 
may  be  connected  with  a  hot  water  or  steam  system  of  distribution, 
thus  doing  away  with  direct  radiation.  The  type  shown  is  itot  suitable 
for  hot  water,  but  they  may  be  made  up  of  a  fan,  casing,  and  a  num- 
ber of  sections  of  short  Vento  placed  about  6  ft.  from  the  floor  level. 
IT.  Other  Systems  of  Hsatlng. 

ITa.  Vacuum  StMin  Haatiiig.— A  vacuum  system  may  be  applied  to  any  st«am 


Fia,  20.— Unit  fan  h»te 
American  Blower  Co. 
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heating  plant  by  placing  thermostatic  traps  on  all  nwtlBton  and  drip  connections  between  the 
supply  mains  and  returns  so  the  piping  handling  steam  will  be  entirely  separated  from  that 
taking  care  of  the  condensation,  except  through  the  thermoatatic  traps  which  are  all  designed  to 
allow  air  or  water  to  pass  but  to  hold  the  steam.  The  system  commonly  takra  the  name  from 
the  name  of  the  trap;  the  most  common  are  Dunham  (Fig.  2(M),  Warren  Webster,  McLear, 
Hoffman  and  Marsh. 

The  returns  are  all  brought  to  a  central  point  where  there  is  a  power  vacuum  pump  operated 
by  steam  or  electricity  to  mechanically  remove  the  air  and  water  from  the  system.  The  dis- 
charge  of  this  pump  leads  to  an  air  separating  tank  or  receivorfrom  which  the  water  is  pumped 
back  to  the  boiler  by  (he  feed  pump. 

176.  Air  Line  Vacuum  Systems. — A  modification  of  the  vaccuum  return  aysteir 
is  the  vacuum  air  line  system  used  exclusively  in  connection  with  single  pipe  steam.  The 
vacuum  system  proper  has  the  Ihermasttdic  trap  at  the  return  of  radiator,  and  air  and  condensa- 
tion are  removed  through  the  return  requiring  no  sir  valve  on  the  radiator.  Special  ail  vatvea 
on  the  principle  of  the  thermostatic  trap  are  attached  to  the  radiators,  which  allow  air  to  pass 
but  no  water  or  steam.  These  are  connected  together  with  3^-in.  pipe  to  a  ^  or  1-in.  main 
and  led  to  the  basement  to  a  drain  or  sink.  This  obviatee  the  nuisance  of  air  valves  with  their 
smells  and  leaks.  An  ejector  or  other  mechanical  apparatus 
for  tur  removal  may  be  used  on  the  end  of  the  line  if  dedred 


Flo.   20j4,^Dutih>iii  tsdiator  trap. 


17c,  Vapor  Systems. — Vapor  systems  are  practically  the  same  as  vacuum  Bystems 
with  the  mechanical  air  removal  omitted.  The  same  valves  and  traps  are  used.  The  air  is 
exhausted  by  a  large  vent  on  the  end  of  supply  and  return  mains  by  means  ot  initially  nusing  the 
pressure  on  the  boiler.  After  removing  the  air,  the  vent  on  the  end  of  the  main  automatically 
seals  and  if  the  system  can  be  kept  air-tight,  the  steam  will  circulate  somewhat  below 
atmospheric  pressure. 


■B  below 


u««l  oo  tbs  Fkdisti 

nd.  Donnelly  Positive  Differential  System, — The  positive  differential  system 
consists  of  the  following  essential  parts:  (1)  a  throttling  valve  for  admitting  the  desired  amount 
of  steam  to  the  radiators,  (2)  an  impulse  valve  on  the  outlet  of  each  radiator,  (3)  a  positive 
differential  valve  located  at  each  return  riser  for  maintaining  a  standard  diSerance  in  pressure 
between  the  steam  supply  and  return  risers. 


nvolv»«  BD  eolirely  open  wnWrn  with  >  m»in  vent  connecti 

■A  to  the  boiler  flue  to  obtain 

ng  Ihf  draft  prevent  any  ateai 

nhers.     Very  ilisht  proiure  dropg  and  \tr»<<  pipe  VKi  [or  1 

le  maim  are  requiied  tfl  aecan 

pnnnpUa  goiernins  the  flow  o(  fluid«  »re  involval  anil  spi 

■cial  Bltenlioo  mult  be  given 

on  in  Ibe  Umperstiiro  of  the  medium  beyond  a  (ew  degreeo. 

for  both  Vkpor  «nd  vacuum  lyttemi  (Fi(-  20£). 
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If  the  engine  were  exhAusting  at  H-lb.  back  preaaure,  which  would  be  the  pressure  in  the  supply  riser  and  in 
the  radiators  when  turned  on  full,  the  valve  on  the  radiator  would  be  set  at  H  lb.  to  reduce  the  steam  pressure  to 
aero  while  allowing  the  discharge  of  water  by  gravity  through  the  valve.  The  differential  valves  in  the  branch 
return  are  weighted  to  about  5  lb.  per  sq.  in.  (area  of  the  valve  seat)  which  permits  a  vacuum  as  high  as  10  in. 
to  be  carried  on  the  main  return. 

176.  Vacuum  Exhaust  Steam  Heating. — Where  exhaust  steam  is  utilized  or  where 
Viigh  pressure  steam  is  reduced,  a  reducing  pressure  valve  is  required  which  opens  and  closes, 
governing  the  supply  of  steam  automatically  with  the  demand.  This  is  composed  of  a 
diaphragm  and  spring  which  with  the  valve  seat  establishes  an  equilibrium  so  that  a  constant 
pressure  is  maintained  on  the  low  side.  By-pass  valves  are  essential  so  repairs  may  be  made 
and  operation  maintained.  A  back  pressure  valve  is  required  so  if  the  engine  supplies  more 
steam  than  necessary,  the  pressure  in  the  heating  main  will  open  the  valve  to  the  atmosphere 
and  relieve  the  system.  The  back  pressure  valve  also  prevents  air  entering  the  system.  These 
two  pieces  of  apparatus  keep  the  pressure  constant  in  the  mains,  an  essential  point  in  proper 
operation  and  results. 

Vacuum  ssrstems  are  used  where  the  exliaust  steam  is  circulated  at  very  low  pressures  in  connection  with 
its  utiliiation  from  non-condensing  steam  engines.  There  is  undoubtedly  economy  in  the  mechanical  removal 
of  air  from  any  steam  system.  Much  is  claimed  for  vacuum  Bystems,  but  except  for  removal  of  air,  they  are  like 
any  other  steam  systems.  The  vacuum  in  the  returns  cannot  reach  the  steam  in  the  radiators  or  mains  due  to  the 
trap.  If  higher  vacuum  than  corresx>onds  with  the  return  water  temperature  is  carried,  cold  water  must  be  in- 
jected back  of  the  vacuum  pump  to  reduce  the  temperature,  or  the  condensation,  being  at  a  higher  temperature 
than  the  boiling  point  at  that  pressure,  vaporises  into  steam.  From  the  above  it  will  be  seen  that  a  vacuum  ssrstem 
can  produce  no  pressure  below  atmospheric  on  an  engine  or  turbine  at  the  exhaust  outlet.  The  best  results  are 
obtained  when  about  2  or  3  in.  of  vacuum  are  maintained  on  the  return  of  the  radiators  or  just  enough  to  assure 
the  rapid  removal  of  the  air  leakage  and  condensation. 

17/.  High  Pressure  Steam. — When  high  pressure  live  steam  is  used  for  heating 
up  to  20  lb.,  the  water  may  be  returned  to  the  boiler  by  a  return  trap,  a  tilting  tank  that  alter- 
nately connects  the  tank  with  the  system,  filling  with  water,  and  then  by  its  added  weight  due 
to  the  condensation,  tilting  and  connecting  with  the  higher  pressure  steam  in  the  boiler.  Ab 
the  tank  is  placed  above  the  water  line  with  checks  to  temporarily  shut  off  the  heating  system, 
the  water  seeks  its  level  in  the  boiler.  When  empty,  the  tank  tilts  back  and  an  air  valve  re- 
lieves the  residual  pressure,  shutting  off  the  boiler  steam.  The  pressure  in  the  heating  system 
forces  in  another  charge  and  the  operation  is  repeated. 

The  same  arrangement  may  be  used  for  kitchen  fixtures  and  high  pressure  drips  on  power  plants,  returning  the 
condensation  direct  to  a  high  pressixre  boiler.     The  circuit  being  sealed,  it  is  very  economical. 

llg.  Hot  Water  Heating  in  Connection  with  Condensing  Reciprocating  En- 
gines.— It  is  possible  to  operate  a  hot  water  heating  system  with  partial  vacuimi  on  a  recipro- 
cating engine  but  the  range  in  vacuum  and  steam  rate  is  not  very  great,  due  to  the  necessary 
changes  in  compression.  The  valves  have  to  be  set  differently  for  condensing  and  for  non- 
condensing.  There  are  engines  provided  with  facilities  so  the  valve  rods  may  be  cha  nged  quickly 
but  there  has  been  serious  objection  to  this  practice.  The  best  method  is  to  operate  the  engine 
on  say  10  to  26  in.  of  vacuimi  and  use  additional  live  steam  for  the  remainder  of  the  heating 
requirements. 

Engines  for  this  purpose  shoidd  not  have  too  large  a  ratio  of  cylinders  as  they  are  apt 
to  be  unable  to  carry  the  load  on  reduced  vacuimi;  thus  economy  has  to  be  sacrificed  in 
summer  due  to  engine  design  in  order  to  utilize  exhaust  steam  in  winter. 

Many  cases  have  arisen  where  steam  has  been  tapped  from  the  receiver  between  the  high  and  low  pressure 
cylinders.  This  will  give  good  results  if  the  engine  is  not  too  heavily  loaded  but  just  as  soon  as  the  receiver  pressure 
drops,  the  interference  is  serious.  There  have  been  cases  where  reducing  valve  connections  have  been  made  to  the 
receiver  to  help  out  the  heavy  intermittent  draft  for  other  purposes.  It  is  obvious  that  this  steam  should  be  taken 
direct  rather  than  by  this  method;  the  amount  of  steam  generally  that  can  be  bled  at  this  point  is  about  the  dif- 
ference in  steam  rate  between  non-condensing  and  full  vacuum,  or  about  25  %  of  the  engine's  minimum  full  load 
requirements.     The  Bleeder  turbine  exhausting  steam  from  between  the  stages  involves  the  same  principles. 

17 A.  Combined  Heating  and  Power. — It  is  generally  admitted  that  when  current 
may  be  purchased  at  rates  below  1.5  c.  per  kilowatt-hour,  that  exliaust  Stean:^  heating  combined 
with  i>owcr  generation  is  questionable  as  a  paying  investment. 
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The  heating  system  is  a  dissipator  of  heat  and  no  steam  engine  utilixes  more  than  15  % 
of  the  heat  of  the  fuel  for  actual  power,  the  balance  being  discharged  into  a  lake  or  pond  in  the 
process  of  producing  a  low  terminal  pressure  and  high  vacuum. 

Reciprocating  engines  for  electric  ix>wer  generaton  due  to  low  speed,  space  required,  and 
costliness,  are  being  rapidly  displaced  by  the  small  turbo-generator  with  high  speed  and  vac- 
uum although  this  machine  is  exceedingly  uneconomical  under  non-condensing  operation. 

Heating  is  required  about  8  months  of  the  year  and  while  exhaust  steam  heating  would 
prove  profitable  during  that  period,  additional  condensing  equipment  would  be  required  for 
summer  operation  to  maintain  the  economy  and  prevent  the  loss  in  summer  of  the  saving  in 
winter. 

The  requirements  of  an  economical  combined  heating  and  power  generating  system  may  be 
stated  as  follows: 

(1)  Power  cannot  be  genermted  under  non-oondensing  conditions  in  competition  with  the  public  service  plsnt 
with  either  reciprocating  engines  or  turbines,  due  to  the  constant  steam  power  rate. 

(2)  In  all  cases  the  engine  must  of  necessity  deliver  its  full  rated  power  load  whether  there  is  a  heat  balance  or 
not. 

(3)  This  means  an  almost  constant  quantity  of  exhaust  steam  due  to  the  fixed  terminal  pressure  at  which  it 
must  be  used  on  any  steam  system. 

(4)  The  heating  and  power  can  only  balance  at  one  outside  temperature  as  the  heating  requirements  will  vary 
from  100  %  in  zero  weather  to  less  than  50  %  in  moderate  weather.  Live  steam  will  be  required  in  colder  periods 
and  steam  will  be  wasted  to  the  atmosphere  dxiring  the  warmer  periods.  Therefore  a  variable  steam  rate 
for  power  is  required  to  balance  the  heating  and  maintain  the  constant  power  load  if  the  combination  is  to  be  a 
paying  investment. 

(5)  The  turbo-generator  under  variable  vacuums  has  a  steam  rate  varying  100  %  between  no  vacuum  and 
full  vacuum,  and  hot  water  forced  circulation  enables  steam  temperatures  below  atmosphere  to  be  used,  whereby 
the  variation  of  the  vacuum  so  produced  at  the  exhaust  outlet  of  the  turbo-generator  will  cause  the  proper  vari- 
ation in  the  steam  power  rate.  Therefore,  the  condensing  turbo-genefator  and  forced  hot  water  heating  system 
have  all  the  essential  features  for  an  eeonomical  combined  heating  and  power  S3r8tem. 

The  same  economical  and  low  cost  condensing  turbo-generator  is  employed  that  is  used  by 
the  public  service  companies,  with  high  vacuimi  at  all  times  summer  and  winter  when  heating 
is  not  required.  When  heating  is  required,  the  heating  system  takes  its  portion  of  the  condens- 
ing load,  the  variable  vacuiun  producing  the  variable  steam  power  rate,  constant  power  load, 
and  perfect  heat  balance.     Thus  a  maximiun  power  recovery  is  obtained  from  the  heating  fueL 

17t.  Evans'  "Vacuo"  Hot  Water  Heating  System  Combined  with  Power. — 
The  writer  has  perfected  a  system  of  vacuum  control  on  which  letters  patent  are  about  to  be 
iasued,  whereby  the  vacuimi  on  a  condensing  turbo  generator  may  be  varied  at  will  from  Wb. 
back  pressure  to  28  in.  of  vacuiun,  independent  of  the  power  or  heating  loads  without  stopping 
the  machine  or  opening  the  relief  valve. 

The  system  has  been  in  operation  for  several  years  in  a  large  railway  terminal  in  the  East 
and  the  relations  given  are  from  actual  test  data,  and  are  therefore  reliable. 

The  saving  of  70%  in  steam  as  indicated,  is  not  dependent  on  skill  of  operation,  but  is 
inherent  in  the  physics  of  the  problem.  It  is  one  of  the  easiest  means  of  conserving  the  fuel  of 
community  at  a  profit  by  utilizing  the  heating  fuel,  steam,  and  boilers  for  combined  power  gen- 
eration. It  is  applicable  to  any  heating  plant  of  over  500-hp.  capacity  in  zero  weather,  such 
as  office  buildings,  factories,  or  institutions,  as  long  as  there  is  use  for  the  available  electric  power 
during  the  period  the  heating  system  operates. 

The  arrangement  enables  the  plant  to  be  placed  on  a  proper  accoimting  basis  whereby  all  heat  and  current  can 
be  metered  and  apportioned  according  to  different  departments  and  operations. 

There  is  a  large  plant  known  to  the  writer  wasting  about  $100  per  day  in  exhaust  steam  from  two  non-oon- 
densing  nossle  turbines  used  as  auxiliaries  for  a  turbo-generator  whose  entire  steam  load  does  not  aggregate  twice  the 
steam  these  auxiliaries  require.  By  purchasing  200  hp.  in  motors,  this  waste  could  be  eliminated,  yet  this  condition 
has  continued  several  years. 

All  fuel  and  power  plant  expense  is  lumped  and  divided  by  the  number  of  units  per  day  of  the  manufactured 
article.  There  is  a  very  large  machine  shop  receiving  power  and  heat  belonging  to  a  subsidiary  company  manu- 
facturing presses  for  outside  customers.  This  expense  is  all  lumped  in  the  articles  manufactured  by  the  main  plant. 
They  actually  do  not  know  what  it  costs  only  in  a  very  general  way  or  where  the  expense  should  be  charged. 

Diagram  7  was  deduced  from  an  actual  problem  and  reduced  to  percentages  for  convenience.  If  a  plant  tiaed 
100,000  lb.  of  steam  per  hr.  in  lero  weather  for  heating,  and  a  steam  rate  of  16  lb.  per  kw-hr.  could  be  obtaiiMd 


8«.  i-na 
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il  pranra  uid  38  Id.  of  Tanuun,  tha  amc*  •toun  nla.  hooriy  pomr  load,  and  total  neamj 
I.  X  140%  -  31.4  lb.,  i^^S°  X  4S.Bft  -  3800  kw.  load  armico.  aD<I  3S0O  X  4000 
hr.  -  13,730,000  k*.-far.  X  l.So  -  tlU.e40  par  heatina  MMoa  of  8  mo.  If  pbnt  opvatia  13  far.  iutawl  (rf  34  hr, 
th*  HTiii*  would  be  M  or  883,330.  If  the  turbine  eoiidenaer  and  plant  soat  8M)  per  kw.  tor  6000  k«.,  the  InvMt- 
mant  would  be  8300,000,  or  the  debt  on  the  plant  would  be  amorliud  Id  lea  than  3  or  4  yr.     Thii  lame  turUne 


Method 'of  calculating  pmver  recovered  from  heoting  fuel, 
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available  for  power  under  full  TBcuum  in  lummar  and  then  would  be  no  Idle  hearini  bodleta 
covered  by  interat  and  depreciation.  If  boiler  operation  and fueliaO.Tl  per  kw.-hr.  and  It  ooala 
I  pureheee  current,  the  auninior  power  load  would  involTC  ■  aaTini  of  O.S<  per  kw.-hr.  in  addition. 
la  the  actual  heat  converted  into  meahanieal  entrcy,  the  37%  area  the  inoaaae  in  eteam  rate  due 
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of  time  the  different  outdoor  temperatures  occur  from  the  weather  bureau  reports.     The  73  %  area  repreoents  the 
power  recovery  ia  pounds  of  steam  at  full  vacuum  or  the  saving  is  73  %  of  the  heating  steam. 

The  lines  26  in.,  27  in.,, and  28  in.,  are  the  increases  in  steam  due  to  apparatus  design  for  the  lower  vacuums  whidi 
show  the  more  economical  the  power  machine  the  less  the  saving  in  fuel  by  utilising  exhaust  steam  for  heating.  In 
this  case,  the  cost  of  utilising  75  %  of  the  heating  in  exhaust  steam  is  30  %  of  the  power,  or  >i  live  steam  has  to  b* 
added  to  utilise  exhaust  steam  for  the  heating. 

Note  the  actual  variation  of  the  power  load  is  slight.  It  is  constant  for  57  %  of  the  time  (lines  26  in.,  27  in., 
28  in.  vacuum)  and  in  the  warmer  periods  above  45  deg.  the  increase  in  steam  rate  for  proper  heating  temperature 
is  not  over  2  lb.  per  kw-hr.  or  less  than  10%,  so  it  is  not  serious.  Tbe  degree  of  regulation  obtained  on  the  heating 
system,  as  a  whole,  reduces  the  total  steam  over  ordinary  methods  so  that  in  most  cases  less  coal  would  be  burned 
for  heating  and  power  than  would  be  used  where  the  apparatus  receives  no  attention,  when  outside  temperature 
changes  occur.  Under  ordinary  conditions  when  the  temperature  drops,  it  is  several  hours  before  the  rooms  or 
apparatus  is  affected  and  when  the  outdoor  temperatiu^  rises,  sometimes  a  day  or  two  is  needed  before  the  S3rs- 
tem  can  be  adjusted  to  the  changed  condition. 

Where  the  heating  medium  is  regulated  by  the  outside  temperature  at  a  central  point,  these  weather  changes  are 
met  long  before  the  buildings  and  rooms  are  affected,  thus  tending  to  the  economical  use  of  heat  and  greater  comfort. 

The  46  %  area  is  the  recovery  of  power  by  use  of  a  bleeder  turbine.  This  machine  to  operate  successfully 
would  have  to  be  at  least  twice  the  capacity  of  the  steam  bled,  this  case  8000  to  10,000  kw.,  and  might  be  larger  than 
the  maximum  power  requirements  of  the  plant.  The  power  recovery  would  be  at  the  non-condensing  steam 
rate. 

If  the  steam  were  used  on  a  non-condensing  engine  or  turbine  it  is  readily  seen  that  the  wide  variation  in  load 
due  to  the  constant  steam  rate  would  never  be  met  with  a  single  unit.  If  the  average  load  were  balanced,  at 
30-deg.  F.  outside,  steam  would  pass  to  the  atmosphere  at  temperatures  above  30  deg.  F.  and  live  steam  would  be 
necessary  at  temperatures  below  30  deg.  F.     The  actual  power  recovery  would  not  be  more  than  25%. 

River  or  natural  cooling  water  is  not  obligatory  for  the  success  of  this  system,  as  cooling  towers  may  be  used 
with  equal  economy  and  the  savings  are  more  than  sufficient  to  warrant  their  adoption.  They  would  operate 
12  mo.  and  divide  the  condensing  load  with  the  heating  system  in  winter. 

In  the  middle  west  the  industrial  plant  situation  is  in  a  deplorable  condition  as  far  as  heating  and  power  are 
oonoemed.  Although  the  steam  is  generated  from  the  fuel  generally  with  good  economy,  the  waste  is  criminal 
when  applied  to  power  and  heating.  The  policy  of  the  manufacturers  is  against  spending  any  money  for  plant 
improvements  that  require  a  term  of  years  io  amortise  the  interest  and  principal  with  a  saving  in  operation.  The 
money  makes  a  better  showing  with  the  stockholders  distributed  as  dividends. 

The  fuel  in  some  of  these  plants  amounts  to  $250,000  per  year,  but  the  total  expense  of  power  and  heating  is 
only  3  or  4%  of  the  total  cost  of  tbe  manufactured  article. 

One  plant  the  writer  investigated  is  using  10  lb.  of  coal  in  th6  plant  for  each  kilowat  hour  generated  at  times  and 
the  average  is  6  or  7  lb.  A  saving  of  25.000  tons  per  year  could  be  made  in  this  plant  on  an  investment  of  $500,000 
It  is  in  addition,  exhausting  12,000  tons  per  year  to  the  atmosphere  from  steam  hammers,  and  purchasing  $65,000 
worth  of  current  for  a  motor  generator  20  ft.  from  the  boilers  and  out  board  exhaust  head.  The  12,000  tons  of  coal 
on  a  low  pressure  turbine  after  leaving  the  hammers  would  exactly  wipe  out  the  $65,000  current  expenditure  with 
no  fuel  to  purchase.  This  saving  totals  $250,000  a  year  conservatively  calculated  and  would  cut  out  the  operation 
of  5  boilers  or  2000  hp.  in  a  separate  plant  with  all  attendant  expense.  The  operation  of  this  plant  is  notorious 
among  engineers,  but  it  is  impossible  to  persuade  the  company  to  take  action.  Their  yearly  records  showed  a 
continuous  increase  in  the  kilowatt  rate  of  about  1  lb.  of  coal  per  kw.-hr.  per  year  with  an  increase  in  power  load. 
It  is  with  the  idea  that  attention  may  be  brought  to  manufacturers  of  the  possibilities  of  remedying  these  wastes* 
that  this  section  is  given. 

18.  Comparison  of  Heating  Systems. — The  efficiency  of  any  medium  of  transmission  as 
steam,  water,  or  air  depends  solely  on  the  physical  characteristics  of  the  medium  and  not  on 
any  so-called  trade  name. 

The  universal  question  of  "What  is  the  best  system"  may  be  answered  by  stating  that  a 
building  can  be  heated  with  equal  satisfaction  by  any  of  the  methods,  and  any  system  may  prove 
unsatisfactory  if  it  is  designed,  installed,  or  operated  improperly. 

I'he  same  building  was  used  as  a  problem  to  work  out  different  methods  and  types  of 
apparatus  and  these  principles  apply  to  all  cases  regardlesss  of  size  or  type.  The  same  boiler 
and  chimney  capacity  is  required  in  all  the  cases  and  the  accompanying  table  gives  the  results 
based  on  the  different  assumptions.  However,  the  greater  the  rapidity  of  the  movement  of 
the  fluid  through  the  boiler,  the  less  heating  surface  required  for  the  same  capacity. 

The  conclusions  drawn  from  the  table  and  problem  may  be  stated  as  follows: 

1.  Radiation  has  nothing  to  do  with  the  sise  of  the  boiler  unless  accompanied  by  the  temperature  of  the  room 
and  the  medium.     The  heat  loss  of  the  building  is  the  actual  work  to  be  accomplished. 

2.  The  cost  of  the  plant  depends  on  the  amount  of  radiation  which  in  turn  is  determined  by  the  average 
temperature  of  the  steam  or  water.     The  lower  the  working  temperature,  the  more  costly  the  plant. 

3.  There  is  practically  no  difference  in  the  use  of  steam  or  water  as  far  as  temperatures  are  concerned  and  the 
limits  of  their  application,  except  that  water  has  a  lower  and  wider  temperatixre  range  than  steam. 
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flnhedule 

Tsrpe  and  syitem 

Pressure 
Obs.) 

Average 

temp, 
(deg.  F.) 

Drop  in 

temp. 

(deg.  F.) 

Water 

passed 

through 

boiler 
(cu.  ft. 
per  hr.) 

Surface 
(8Q.  ft.) 

Sise 

of 

main 

(in.) 

"A" 

"A'" 
"B" 

Low  pressure  steam  overhead  and 
from  below 

5 

227 
210 

210 
170 

•  • 

30 

20 
25 

25.6 
860 

1300 
1015 

5310 
5465 

5725 
8244 

5 
6 

3 

8 

Gravity  hot  water 

Piping  from  below  coils 

Forced  hot  water  overhead 

Gravity  hot  water  overhead 

4.  Raising  the  pressure  on  a  steam  syvtem  increases  the  carrying  capacity  very  rapidly  due  to  the  increased 
density  of  the  steam  (from  atmospheric  pressure  to  10  lb.,  it  is  increased  about  30%). 

5.  Sise  and  lack  of  capacity  (in  the  chimney)  are  more  often  the  cause  of  unsatisfactory  heating  than  the  type 
of  system  (see  chimney,  boiler,  radiation). 

6.  In  all  mechanically  circulated  water  systems  the  rapidity  of  circulation  is  independent  of  the  temperatures 
of  the  medium.  This  is  not  true  of  gravity  circulation,  as  the  height  of  system  and  drop  in  temperature  are  factors 
in  the  determination  of  the  velocity.     The  average  heating  temperatuie  is  effected  as  the  drop  is  increased. 

7.  AU  mechanically  circulated  water  systems  are  independent  of  all  grades  or  distances,  as  the  power  is  applied 
externally. 

8.  The  wider  the  possible  range  in  average  temperature  of  the  heating  medium,  the  better  regulation  and  possible 
economy.  Moderate  temperatures  below  210  deg.  F.  are  the  most  desirable  working  temperatures  for  both  steam 
and  water. 

9.  Air  removal  is  necessary  for  all  steam  systems,  either  through  the  return  with  the  condensation  or  throui^ 
a  separate  air  line.     Mechanical  methods  by  pumps  are  the  most  satisfactor>'. 

10.  The  thermostatic  traps  required  on  all  vacuum  systems  require  cleaning  periodically.  This  is  a  oonsider- 
able  item  in  the  upkeep  of  this  type  of  system.  Their  initial  cost  should  be  an  item  of  comparison  as  they  are  absent 
on  hot  water  systems. 

11.  Due  to  the  constant  temperature  of  the  medium  on  steam  ssnstems.  risers  and  mains  necessitate  the  use  of 
covering.  This  is  unnecessary  on  water  syetems  where  the  medium  for  the  entire  system  may  be  changed  in 
temperature  to  suit  outdoor  requirements  thereby  lowering  the  required  temperature  of  the  circulating  medium. 
Ck>vering  is  sometimes  used  to  prevent  the  discoloration  of  plaster  due  to  dirt  ooUecting  along  the  line  of  pipe  due  to 
convection  and  movement  of  air  caused  by  the  heated  pipe. 

19.  Selection  of  a  Heating  System. — The  selection  of  a  system  of  heating  for  a  building  or 
group  resolves  itself  into  two  parts: 

1.  The  type  of  heating  surface  whether  direct,  indirect,  or  a  combination  of  the  two. 

2.  The  medium  of  transmission — ^water  or  steam. 

/  V  ^       ..  ...       J  Hot  water 

(a)  Gravity  circulation  <  ,. 

{  Vapor  steam 

/t\  Ti>r    L     •    1    •      1  i.'       f  Mechanical  vacuum  system 
(o)  Mechanical  circulation  <  t^        ,  i    ^       x 

[  Forced  hot  water 

As  either  medium  may  be  used  with  any  or  all  types  of  heating  surface,  the  latter  being  deter- 
mined by  the  utilitarian  purpose  of  the  building,  or  arbitrarily  by  the  desires  of  the  owner,  the 
engineer  is  mainly  concerned  with  the  type  of  transmission  system. 

This  should  be  decided  entirely  on  the  basis  of  comparative  first  cost  of  installation  and 
operating  expense.  Where  the  items  are  nearly  balanced  the  choice  may  hinge  on  other  minor 
disadvantages  or  advantages  of  water  or  steam  (liability  to  damage  from  bursting  or  freezing) 
concerning  possible  accidental  damage  which  occurs  seldom  and  is  generally  due  to  ignoranoe 
or  careless  manipulation. 

Consideration  of  this  type  of  objection  should  be  from  the  viewpoint  of  the  actuary.  The  reductions  in  openk* 
ting  or  first  cost  should  be  weighed  against  the  probability  of  the  amount  of  damage  ooourring  over  a  term  of  years. 

In  small  plants  where  the  boiler  is  in  direct  circuit,  either  vapor  steam  or  gravity  will  work  out  about  equally 
advantageous,  until  the  plant  reaches  about  3000  sq.  ft.  capacity.  Then  forced  hot  water  with  a  pump  and  boiler 
directly  in  the  circuit  deserve  consideration.  The  larger  the  capacity  of  the  plant,  the  greater  the  advantage  in 
the  first  cost  of  the  forced  hot  water  system. 

The  vacuum  valves  and  their  upkeep  should  be  balanced  against  the  pump  and  cost  of  current  in  arriving  at  a 
decision. 
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Tablb  20A. — Appboxiu  ATI  Rblationb  or  Opkratino  ani>  Inbtallatioit  Costs  or  Dn^ 
rBKBNT  Methods  or  Hbatikq  Bdildimob 
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In  all  plants  of  this  character  where  there  is  only  live  steam  operation  and  no  exhaust,  the  operating  expense 
will  be  about  the  same,  the  difference  being  in  the  lower  first  cost  of  the  mechanically  circulated  water  arrangement 
over  the  vacuum  steam  arrangement. 

When  it  is  desirous  to  use  exhaust  steam  for  heating  at  atmosphere  up  to  about  300  hp.,  and  there  are  no  long 
distances,  the  vacuum  steam  is  available,  without  change.  Steam  boilers  have  to  be  substituted  for  water 
biMlers  and  additional  heaters  for  exhaust  steam  added  to  the  forced  hot  water  arrangement. 

There  is  no  limit  to  the  sise  of  the  building  or  its  puri>ose  that  will  weigh  one  way  or  the  other  in  the  decision 
between  water  or  steam,  as  these  matters  are  covered  in  the  type  of  heating  surface  which  would  be  common  to 
either.     First  cost  and  operating  expense  will  determine  the  beet  selection. 

We  come  now  to  groups  of  buildings  heated  from  a  central  plant.  There  are  three  methods  of  transmission: 
(1)  High  pressure  steam  with  vacuum  steam  in  each  building  served  through  a  reducing  valve,  (2)  vacuum  steam 
for  mains  and  entire  ssrstem,  and  (3)  hot  water  forced  circulation. 

Institutions  whore  the  power  load  is  much  less  in  proportion  than  the  heating  requirements,  may  be  handled 
according  to  (2)  for  the  nearby  buildings  utilising  exhaust,  and  by  (1)  by  those  further  away. 

High  pressure  steam  distribution  due  to  small  diameter  of  main  required  will  prove  the  most  economical  method 
of  heat  transmission,  and  by  regulating  the  pressure  on  a  small  miiin  and  utilising  the  drop  the  steam  may  be  trans- 
mitted with  a  minimum  loss  of  condensed  water  from  the  pipe.  Exhaust  steam,  however,  cannot  be  used  on  a 
system  of  this  kind. 

Low  pressure  steam,  due  to  the  large  diameter  of  pipe  necessary  and  constant  operating  temperature  of  the 
steam,  is  the  moist  expensive  method  both  for  operation  and  coat  of  installation.  Exhaust  steam  can  only  be  used  at 
atmospheric  pressure  or  slightly  above,  and  when  live  steam  is  necessary  at  periods  of  no  exhaust,  the  economy  is 
reduced.  Grades  have  to  be  carefully  observed  and  traps  and  drips  provided  with  possibly  power  pumps  to  handle 
the  condensation. 

Hot  water  forced  circulation  enables  exhaust  steam  brlow  atmosphere  or  live  steam  to  be  uaed  with  equal 
facility  as  no  steam  is  taken  outside  the  power  house.  The  radiation  loss  from  mains  is  greater  than  for  high  prea- 
sure  steam  but  not  as  great  as  the  vacuum  steam  system.  All  drips,  traps,  and  vacuum  traps  are  eliminated. 
Condensing  turbines  may  be  used  and  the  power  recovery  from  the  heating  steam  for  plants  over  500  hp.  will  make 
this  arrangement  preferable  over  any  other  by  a  wide  margin  and  the  first  cost  will  be  no  greater  than  the  vacuum 
steam  and  possibly  less 

The  type  of  radiation  effects  the  cost  independent  of  the  system  of  transmission  as  follows: 

1.  Direct  radiation  generally  costs  less  for  operation  and  installation  than  indirect. 

2.  The  lower  the  temperature  of  the  circulating  medium,  the  more  surface  and  greater  cost  of  any  type  of 
radiation. 

3.  Blowers  and  direct  radiation  in  conjunction  cost  somewhat  more  than  either  alone,  but  the  flexibility  ia 
increased  and  lower  temperatures  and  more  satisfactory  heating  result,  with  greater  economy  in  the  use  of  heat. 

4.  The  larger  the  building  or  plant,  the  greater  the  difference  in  favor  of  mechanically  circulated  ssrstems, 
both  from  the  standpoint  of  first  cost  and  operating  expense.  Table  20A  is  an  attempt  to  classify  what  is  beat  and 
the  order  in  which  the  combinations  will  work  out  both  from  an  operating  and  installation  standpoint.  This  ia 
the  writer's  judgment  from  an  experience  of  many  years — the  1,  2,  3,  etc.,  and  the  A,  B.  C,  etc.,  respectively  give 
the  order  of  the  combination  as  they  increase  in  cost  and  operation.  The  experience  and  ability  of  the  engineer  and 
contractor  have  considerable  to  do  with  the  results  and  in  many  cases  the  order  will  be  reversed.  The  whole 
is  subject  to  the  foregoing  discussion. 

VENTILATION 

20.  Quantity  of  Air  Necessary. — Ventilation  consists  briefly  of  all  the  artificial  air  con- 
ditioning necessary  to  maintain  the  air  inside  of  a  building  in  a  condition  desirable  for  certain 
purposes,  such  as  for  breathing  or  for  making  it  suitable  for  given  manufacturing  processes,  and 
at  such  standards  as  may  be  regarded  as  desirable. 

The  most  common  form  of  ventilation  is  that  used  to  furnish  an  air  supply  or  an  air  ex- 
haust for  the  occupants  of  a  building  and  to  keep  the  interior  air  from  becoming  foul — also 
remove  obj6ctionable  odors,  such  as  in  kitchens,  restaurants,  and  toilet  rooms. 

In  past  years  the  amount  of  carbonic  acid  in  the  air  has  been  used  to  determine  the  com- 
parative degree  of  purity  even  though  it  has  been  understood  that  carbonic  acid  itself  is  not 
dangerous.  This  is  because  pure  air  seldom  contains  over  4  parts  of  carbonic  acid  in  10,000, 
while  in  exhaled  air  the  number  of  parts  rises  rapidly  and  almost  proportionately  with  the  other 
impurities.  Therefore,  a  statement  of  the  amount  of  carbonic  acid  present  in  a  given  sample  of 
air,  a  measurement  comparatively  easy  to  make,  may  also  be  taken  as  indicative  of  the  amount 
of  other  impurities. 

Each  person  gives  off  about  0.6  cu.  ft.  of  carbonic  acid  per  hour.  If  the  fresh  air  entering 
a  room  has  4  parts  of  carbonic  acid  in  10,000,  and  the  limit  in  the  room  is  desired  to  be  kept  below 
a  certain  number  of  parts,  the  number  of  cubic  feet  per  minute  per  occupant  must  be  not  less 
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Limit  of  Darts  of  cftrbonio  acid  in  10.000  parts  of  air 

5 
133 

6 
67 

7 
44 

8 
33 

9 
27 

10 

11 

12 
17 

Cubic  feet  of  fresh  air  necessary  per  minute  per  occupant 

22 

19 

While  these  are  the  theoretical  amounts  of  air  required,  some  consideration  must  be  given  to  the  quantity 
of  air  contained  in  the  room  at  the  beginning  of  its  occupancy,  and  also  to  the  lengtn  of  time  the  room  is  occujned. 
Thus,  a  church  where  the  services  are  short  and  the  volume  of  fresh  air  is  large  at  the  beginning  requires  less  air 
for  ventilation  than  a  moving  picture  theater  running  continuously  for  10  hr.  a  day  and  usually  in  more  or  le« 
cramped  quarters.  The  quantity  of  air  necessarjr  for  ventilation  is  measured  in  cubic  feet  per  minute  per  oeeupant 
or  in  changes  of  air  per  hour.  Table  21  shows  the  cubic  feet  per  minute  (C.F.M.)  per  occupant  or  the  number  of 
ohanges  of  air  per  hour. 

Table  21^ 


Room 


Supply 


C.F.M.  per 
occupant 


Minimum  air 

changes  per 

hour 


Exhaust 


C.F.M.  per 
occupant 


Minimum  air 

changes  per 

hour 


Assembly  and  convention  halls 

Boiler  rooms 

Engine  rooms 

Factories 

Foundries 

Halls  and  assemblies 

Mill  buildings 

Offices  (outside  small) 

Offices  (inside  small) 

Offices  (large) 

Private  office  (large) 

Private  office  (small) 

Public  offices  (large) 

Public  offices  (inside  small). . .  . 
Public  offices  (outside  small). . . 

Public  toilet  rooms 

Public  wi^iting  rooms 

Pump  rooms 

Round  houses 

Toilets 

Waiting  rooms 

HoapUaU 
Anesthesia 

Autopsy 

Bakery 

Bath,  toilets,  etc 

Boiler  (large) 

Clothes  storage 

Dairy,  meats,  etc 

Dark 

Delivery 

Dining 

Doctors  wash 

Dressing 

Drjring  closets 

Electrotherapeutic 

Engine 

Examination 

Gymnasium 

Hsrdrotherapeutic 


30 


20  to  30 

•  • 

30 

20  to  30 

none 

•  • 

20  to  30 


none 


60 
20 


30 


8 
10 
4  to6 

4 
4* 
8 

4 

•    • 

6 

6 
none 

4  to  8 

6 
none 
none 

4  to6 

4to6 
none 

4  to  6 


8  (with  local 

control) 

4 

none 

none 

10 
none 
none 
4 
8 
6 
none 
none 
none 
6 
4  to  6 
6 
8 
6 


30 


20  to  30 

•  • 

30 

20  to  30 

none 

•   « 

20  to  30 

60 
30 


30 


8 
none 
8  to  10 

4 
4 
8 

4 

•  • 

6 

•  • 

6 
none 
4  to  8 

6 
none 
10 
4  to6 
8to  Ip 
12 
10 
4  to6 


12 

8  to  10 

10 

12 

none 

6 

8 

6 

8 

8 

8 

6 

20 

8 

8  to  10 

6 

8 

8 
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Table  21  (Conftnued) 


Room 


Supply 


C.F.M.  per 
occupant 


Minimum  air 

changes  per 

hour 


Exhaust 


C.F.M.  per 
occupant 


Minimum  air 

changes  per 

hour 


Hoapitala  (Continued) 

Ice  making 

Instrument  (Prep.) 

Isolation 

Kitchens 

Laboratories 

Laundry  (small) 

Laundry  (large) 

Lockers 

Machinery 

Marking  and  Mwing 

Meats,  dairy,  etc 

Operating 

Pantries  (serving) 

Plaster 

Preparation  (inst.) 

Pus  dressing 

Pump  and  refrigeration 

Recovery 

Refrigeration  and  pump 

Serving  pantries 

Sewing  and  .marking 

Shops,  etc 

Solarium 

Slop  sink  closets 

Sterilising  room 

Stores 

Toilets,  baths,  etc 

UtiUty 

Waiting 

Wards  (gen'l) 

Wards  (contagious) 

Wash  (doctors) 


30  to  60 


100 


SchooU 

Auditorium 

Board 

Chemical  lab 

Chemical  cabinets 

Class 

Coat 

Commercial 

Corridors* 

Domestic  science 

Drawing 

Dress  making 

Forge  shop' 

Forges 

Gymnasium 

Kitchen  for  lunch  room. . . 
Kitchen  for  cooking  class. 

Kitchen  (model) 

Lecture 

Library 

Locker 

Lunch 

Biaiohine  shop 


30 
30  to  60 
100 


20  to  30 

•  • 

30 
none 

30 
none 

30 

•  « 

30 
30 
30 

•  • 

200  o.f  .m. 
30 

•  • 

30 

30 
80 

none 

•  • 

80 


none 
none 
6 
6to8 
6 
none 
6to8 
none 
4  to6 
none 
none 

10 
none 

4 
none 

5 
4to6 

8 

4  to6 

none 

none 

none 

4 
none 

8 
none 

•  • 

none 

6 

6 

10 

none 


8 

6 

6 
none 

6 
none 

6 

•  ■ 

6 
6 
6 

•  • 

per  forge 

8 
6to8 
6 
6 
8 
7 
none 
6 
6 


30  to 


100 


60 


30 

80  to  60 

100 


80 

•  • 

30 

100  per  cabinet 
30 

•  • 

30 

•  • 

40 
30 
30 

•  • 

400  c.f.m. 

30 

•  • 

60 

•  • 

30 
30 


80 


4to6 

6 

6 

16 

8  to  10 

10 

12 

6  to  10 

8  to  10 

6 

8 
•  • 
12 

6 

6 

8 
8  to  10 

8 

8  to  10 

12 

6 

6 

4 
12 
12 

4 
12 
12 

6 

6 
10 

8 


8 
6 
6 

•  • 
6 
8 
6 

•  • 
8 
6 
6 

m  m 

per  forge 

8 
12 
10 

8 

8 

7 
10 
10 

6 


i 
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Table  21.   (CanHnued.) 


Room 


Supply 


Ezhmust 


C.F.M.  per 
ocoupant 


Minimum  air 

chances  per 

hour 


C.F.M.  per 
ocoupant 


Minimum  air 
leaper 
hour 


iSehoola  Continued) 

Model  apartment 

Office — general 

Office — private 

Physical  laboratory 

Recitation 

Shower  baths 

Swimming  pool 

Toilets 

Wardrobes 

Wood  working 

Hotela 

Ball  rooms 

Banquet  hall 

Bathroom  (private) 

Boiler  room  (large) 

Dining 

Engine  (large) 

Kitchen 

Laundry 

Locker  room 

Pump  room  (large) 

Toilets  (main) 

Toilets  (private) 

Libraries 

Administrat'.on  center 

Book  rooms 

Galleries  (public) 

Galleries  (picture) 

Lecture  rooms 

Locker  rooms 

Lobbies  (large  buildings) 

Museums 

Reading  rooms 

Stack  room 

Toilet  rooms 

Churches 

Auditorium 

Banquet 

Coat  and  locker 

Sunday  School 

Social  rooms 

Toilets 

ThetOrea 

Auditorium 

Lobbies 

Retiring  rooms 

Smoking  rooms 

Toilets 


none 

30 

30 
none 

none 

none 

30 


30 
30 


30 


30 


30 


30 


20 
30 
none 
30 
30 


30 


4to6 
6 

none 
6 
6 

none 
4 

none 

none 
6 

8 
8 
none 
10 
8 
4  to  6 
6  to8 
6  to  8 
none 
4  to  6 
none 
none 

6 
6 

4 

4 

8 
none 

8 

4 

6 
none 
none 


8 


8 
none 


10 
4 

6 
none 


none 
30 
30 


40 


30 
30 


80 


30 


30 
30 


20 
30 

«   • 

30 

30 

none 

30 


4to6 
6 
none 
6 
6 
10 
10' 
10  to  12 
8 
8 


8 
8 
10 
none 
8 
8  to  10 
16 
12 
10 
8  to  10 
12 
10 


6 
t 

4 

4 

8 

10 

none 

4 

6 

4 

10 


8 


8 
8  to  10 


4 
10  to  12 
8  to  10 


1  Air  supply  to  corridors  should  be  4  changes  per  ho\xr  or  pnough  additional  to  be  sufficient  to  counterbalance 
the  excess  of  exhaust  from  all  rooms  connected  to  corridors  where  there  is  no  air  supply  or  where  the  supply  is 
than  the  exhaust. 

*  The  air  supply  to  a  forge  room  should  bo  not  less  than  30  C.F.M.  per  occupant  and  should  be  increased  to  i 
up  any  unbalanced  condition  occurring  when  the  forges  are  all  running,  each  being  supplied  with  200  C.F.M.  air 
Uast  and  400  C.F.M.  forge  exhaust. 
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21.  Methods  of  VentiUtioxi. — There  are  three  general  methods  of  accomplishing  ventilation: 
(1)  The  supply  of  fresh  air  at  70  deg.  F.  with  slight  increase  in  temperature  furnishing  the  neces- 
sary heating  increment  and  the  exhaustion  of  an  equal  amount  by  means  of  fans;  (2)  exhaust 
ventilation  only,  depending  on  chance  inlets  for  a  replacement;  and  (3)  the  supply  of  fresh  air 
with  either  gravity  vent  flues  or  none  at  all.  Obvioiisly  the  first  is  preferable  from  a  standpoint 
of  efficiency  and  results. 

22.  Position  of  Inlets  and  Outlets. — It  has  been  found  that  the  most  suitable  position  for  the 
air  inlets  and  outlets  in  class  rooms  of  schools  is  in  a  cross  wall  at  right  angles  to  the  outside  wall 
of  buildings.  The  inlet  should  be  as  near  the  inside  wall  as  practicable,  about  10  ft.  from  the 
floor,  and  the  outlet  near  the  outside  wall  at  the  floor  level.  The  air  will  than  pass  along  the 
inner  wall,  returning  along  the  outside  wall  to  the  vent  flue. 

There  has  been  considerable  controversy  in  the  past  as  to  the  best  position  of  inlets  and 
outlets  for  ventilating  systems.  The  question  is  purely  one  of  temperature,  the  colder  air 
(whether  foul  or  fresh)  seeking  the  lower  level,  always  in  proportion  to  its  rdative  tempera- 
ture and  weight.  This  temperature  will  be  governed  somewhat  by  the  volume  of  entering 
air,  in  proportion  to  the  cubic  contents  of  the  room  and  the  temperature  of  the  air  in  the  room. 
If  the  change  of  air  in  the  room  is  sufliciently  often  to  prevent  a  rise  in  temperature  inside  the 
room,  there  will  be  but  small  difference  in  the  weight  and  temperature  of  the  contained  aii 
and  the  incoming  air.  If  the  air  change  is  such  that  there  is  a  considerable  difference  in 
temperature  of  the  entering  air  and  the  air  contained  in  the  room,  the  entering  air  will  fall  to 
the  floor,  due  to  its  greater  density  if  at  a  lower  temperature.  Cold  air  and  hot  air  will  not  mix 
until  diffusion  with  interchange  of  heat  has  had  time  to  take  place. 


or  s/tyffffy  tt^bi/^ ' 

Fia  r21. — Auditorium    occupied,    ausdliaiy 
stack  inoperative,  damper  open,  top  ventilation 
neoenary. 


Fig.  22.— Bottom  ventilation -only  required 
when  heating  unoccupied  auditorium,  top 
damper  closed,  auxiliary  stack  operating. 


If  these  facts  are  carefully  considered,  the  proper  position  of  outlets  can  be  predetermined.  In  all  problems 
involving  large  assemblages  of  people,  the  object  b  to  cool  the  room  rather  than  to  heat  the  space,  due  to  the  amount 
of  heat  supplied  by  the  audience. 

In  the  ventilation  of  auditoriums,  whether  fan  or  gravity  is  used,  the  foul  air  must  be  removed  at  the  top  due 
to  its  extreme  temperature  after  a  period  of  operation,  as  the  temperature  may  be  as  high  as  100  or  120  deg.  F. 

Figs.  21  and  22  show  the  arrangement  used  for  ventilating  and  heating  several  large  court  rooms  in  an  eastern 
city,  and  show  why  top  ventilation  is  needed  when  the  auditorium  is  occupied,  and  why  the  top  outlet  should  be 
closed  when  the  room  is  being  heated.  This  is  true  of  all  auditoriums,  as  when  heating  alone  is  desired,  the  en- 
tering air  must  be  warmer  and  lighter  than  the  air  in  the  room  and  the  outlets  should  be  at  the  bottom.  Wben  the 
occupants  exhale  air  and  bodily  heat  is  radiated,  the  foul  air  of  any  room  containing  a  large  number  of  people  in 
proportion  to  the  cubic  contents  is  lighter  than  the  incoming  air,  and  the  outlets  should  be  at  the  ceiling.  For  a 
perfect  system,  both  top  and  bottom  ventilation  should  be  provided. 

A  register  at  the  top  of  the  room  should  automatically  close  when  the  room  is  below  the  temperature  of  tha 
inooming  air.  and  open  when  conditions  are  reversed.  The  register  may  be  operated  in  conjunction  with  automatio 
heat  control  on  direct  radiation  in  the  room,  or  on  the  auxiliary  stack  in  the  fresh  air  supply. 

In  schools  the  sise  of  the  ordinary  class  room,  the  frequent  air  change  required  prevents  any  wide  differenoe  in 
temperature  in  the  room,  and  the  top  register  is  generally  dispensed  with.  The  best  praetioe  is  to  heat  tha  room 
bj  direct  radiation,  independent  of  the  air  supply,  espedally  during  sessiona. 


1136  HANDBOOK  OF  BUILDING  CONSTRUCTION  [S«5. 1-28 

23.  Preheating  Air  for  VentiUtion. 

23a.  Double  Duct  System. — This  method  of  heating  and  ventilation  involves 
a  double  duct  system,  one  for  tempered  air  and  one  for  hot  air,  the  two  being  mixed  at  the  base 
of  the  supply  flue  by  means  of  a  mixing  damper  controlled  by  a  thermostat  in  the  room.  There 
is  also  heat  control  at  the  fan  for  both  tempered  and  hot  air.  The  method  is  complicated  and 
should  be  avoided.  The  reasons  for  this  are  as  follows:  The  rooms  are  located  different  dis- 
tances from  the  fan,  with  different  conditions  existing  in  the  rooms,  the  thermostat  in  the  room 
is  expected  to  set  the  mixing  damper  so  as  to  proportion  a  mixture  of  tempered  and  hot  air  with 
varying  temperature  differences.  With  the  losses  in  ducts,  different  requirements  in  the  rooms 
not  accounting  the  fact  that  the  conditions  in  any  case  may  be  reversed,  it  would  be  impossible 
to  obtain  any  accurate  adjustment  of  the  system. 

This  tystem  has  been  tried  again  and  again  without  success  in  the  last  40  yr.  regardless  of  many  claima  to  the 
contrary.     There  are  simpler  methods  wherein  the  variables  are  under  control  to  a  greater  extent. 

236.  Combination  Direct  and  Indirect  System. — The  heating  may  be  accom- 
plished 'by  a  separate  direct  heating  system  with  sufficient  radiation  to  counterbalance  the 
wall  and  glass  losses.  The  temperature  may  be  maintained  about  10  to  15  deg.  below  70  deg.  F. 
when  ^e  room  is  unoccupied.  This  is  more  economical  than  using  the  fan  system  during  per- 
iods when  the  rooms  are  unoccupied,  as  in  schools.  All  fan  systems  require  excessive  boiler 
power  in  zero  weather  although  the  requirements  are  somewhat  below  that  of  direct  radiation 
in  moderate  weather.  Automatic  heat  control  should  be  provided  in  connection  with  properly 
designed  and  operated  ventilation  system. 

23c.  Individual  or  Centralized  Auxiliary  Stacks. — For  buildings  where  direct 
radiation  is  undesirable,  a  very  positive  and  efficient  method  is  to  provide  a  central  heating 
chamber  and  fan  to  heat  the  air  to  70  deg.  F.  or  slightly  below  that  temperature.  Auxiliary 
stacks  are  placed  at  the  base  of  each  flue  and  controlled  by  the  room  thermostat  to  provide 
additional  heat  for  strictly  heating  purposes.  By-pass  dampers,  arranged  to  pass  the  air  at 
70  deg.  F.  around  the  auxiliary  stack  or  to  pass  it  through  the  surface  reheating  it  to  above  70 
deg.  F.  may  be  used.  This  type  of  damper  does  not  need  to  be  graduated  in  its  action  as  it 
may  be  wide  open  or  closed. 

A  modification  of  the  individual  stacks  is  to  group  several  flues  with  one  large  auxiliary  stack,  having  the  waU 
chase  extend  below  the  stack  level,  with  a  damper  arranged  to  be  operated  by  a  thermostat  in  each  room  so  as  to 
take  air  above  70  deg.  F.  from  above  the  stack  or  at  70  deg.  F.  from  below  the  stack  as  the  case  may  require.  The 
last  room  to  be  brought  up  to  temperature  will  have  the  power  of  the  entire  stack.  The  thermostats  controlling 
the  dampers  are  arranged  in  series  so  the  steam  is  shut  off  from  the  entire  stack  when  the  rooms  are  all  taking  air 
at  70  deg.  F.  This  would  apply  to  buildings  more  or  less  continuously  occupied.  Exposed  or  concealed  direct 
type  of  radiators  may  be  used  installed  in  the  rooms  with  the  air  supply  blown  through  them. 

24.  Theaters  and  Auditoriums. — A  very  cheap  and  successful  method  of  ventilating  the- 
aters and  churches  with  high  ceilings  and  places  where  large  numbers  of  people  congregate 
intermittently,  is  as  follows:  Place  a  large  ventilator,  with  as  little  resistance  as  possible,  on  the 
roof  and  provide  it  with  a  damper  thermostatically  controlled  to  shut  off  when  heating  is  re- 
quired and  the  place  is  unoccupied.  Provide  the  fan  and  heater  with  a  series  of  outlets  at  a 
fairly  high  level  where  convenient  space  may  be  had  with  automatic  heat  control  on  the  heating 
stacks.  The  thermostats  should  be  operated  by  the  incoming  air  which  should  be  about  65  deg. 
F.  if  the  inlets  are  high  enough. 

The  roof  ventilator  damper  may  be  controlled  by  the  room  temi>erature,  the  higher  the  position  of  the  thermo- 
stat, the  higher  the  temperature  at  which  it  should  be  set.  When  the  audience  has  assembled,  more  than  sufficient 
heat  will  be  supplied  to  operate  the  thermostat,  and  the  vitiated  air  will  pass  out  of  the  roof  ventilator.  The  fresh 
air  will  fall  gradually,  due  to  its  weight,  and  diffuse  without  perceptible  draft.  Some  experiment  and  observation 
is  necessary  in  each  individual  case  to  properly  set  the  thermostat.  If  properly  proportioned  and  adjusted,  this 
S3rstem  will  give  excellent  satisfaction. 

Fig.  23  shows  an  economical  and  efficient  method  of  ventilating  a  moving  picture  theater.  Many  of  these 
have  an  exhaust  fan  at  the  rear,  but  little  or  no  provision  for  fresh  air  supply.  A  supply  of  fresh  air  is  more  im- 
portant than  is  the  removal  of  the  foul  air.  With  only  the  exhaust  system  there  can  be  no  real  certainty  from  where 
the  air  is  coming.  If  fresh  air  is  forced  into  a  building  with  power,  there  is  greater  certainty  that  it  will  reach  the 
paiatB  intended.     In  all  of  this  class  of  work  both  air  supply  and  air  exhaust  should  be  provided*  so  there  will  be 
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Air  of  60* 
(crbehv^      


Fig.  23. — Arrangement  for  heating  and  ventilation  of  moving  picture  auditorium. 


o.  24. — ^Hot  aSr  heating  fluee 
within  building  walls. 

72 


IVo.  25.— Hot  i^  hfMting  flues  outaide 
buildiDc  walls. 


Fio.  26.— Hot  air  heating, 
standpipe  method. 
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SB.  Methods  of  Air  Distribution. — Figs.  24  and  25  show  methods  of  air  distribution  for  hot 
blast  systems  fur  faclorica,  one  with  the  flues  within  the  wall,  and  the  other  with  them  on  the 
outside,  both  supplied  by  an  underground  duct  system. 

These  systems  arc  very  expensive  to  operate  due  to  the  high  initial  temper&ture  neceosaiy 
to  overcome  the  loss  of  temperature  in  the  underground  duct.  In  some  cases  there  will  be  as 
high  as  60  deg.  difference  between  the  temperature  of  the  air  leaving  the  apparatus  and  that 
entering  the  room.  This  may  ba  made  up  by 
increasing  the  volume  of  air  but  it  does  not 
reduce  the  expense,  especially  with  air  leaving 
the  heater  at  120  to  150  d^.  F.  Insulation  irf 
the  ducts  will  prevent  some  <rf  the  I0B8  but  at 
no  inconsiderable  expenditure. 

Both  of  tbr  sbov«  nethoda  plscs  th«  Isnier  portloD  of 

contrnrt.     If  [or  sny  mioD  u  allooBDca  lor  duct*  sad 

fluH  ia  reQuind  K[li>rmnl,  it  ii  nol  likely  to  be  ths  aetu*! 

nperiK.      Separate    pricn   abould   be  tAk«n   from  the 

la  work  ehanad 


7^?i' 


I  of  hi 


n  order  to  detannlQe  tfa^  tr 


t  mlur<>a  the  radiaU 


n  aa  the  atand  pipe 
Thia  takea  couidfriibla  Boor 


n  duet*.     The 


nible  I 
When 


.nly  f> 


ralai 


and  dehumidifying  the  a: 


ft  tars*  part  of  the  air  aupply  temperature  ia  abaorbed  by 
the  maaonry,  Dverhntinc  the  upper  floon  while  the  ftiat 
tn-o  floora  are  cold,  A  combination  of  direct  radiation, 
aa  berrinallcr  described,  will  obviati  tbla  ditBeulty  by 
reducing  the  air  temperature  aa  well  aa  the  requind 

16.  Air  Washers. — Air  washers  (Fig.  27) 
arc  instnllt'd  for  one  or  all  of  three  purposes: 
(1)  For  cleansing  and  washing  air  for  ventila- 
tion, (2)  for  the  humidification  or  adding  the 
moisture  required  to  condition  the  air  in  the 
rooms  to  produce  comfort,  and  (3)  for  cooling 


r,  which  dtli 


te  final  tc 


ST.  Automatic  Temperature  Control.— .\utom at ic  tempernlure  runtrol  systems  consist  of 
(1)  a  thermostat  placed  ot  the  piiint  in  the  room  or  place  ivherc  the  temperature  is  to  be  rcfu- 
latcd,  (2)  an  hydraulic  or  electric  motor  driven  air  pump  to  funii^'h  air  pressure  to  actuate 
diaphragm  valves  or  dampers,  and  (3)  the  air  piping  sytsctn  interconnecting  the  diaphragms. 
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28.  Duct  and  Pan  DeBlgn. — Ducts  tuid  flues  for  heating  and  ventilating  are  usually  con- 
structed of  galvanized  iron  or  masonry,  Wben  galvanized  iron  is  used,  they  may  be  round  or 
oblong  in  shape  and  are  often  built  of  No.  24  U.  S.  gage  up  to  350  eq.  in.  of  area,  No.  22  U.  S. 
gage  from  351  to  1200  sq.  in.  of  area,  and  No.  20  U.  S.  gage  above  this,  with  suitable  stiffeners. 
Casings  for  heaters,  fan  connections,  freeh  air  intakn,  and  other  la^e  compartments  ate  usu- 
ally built  of  No.  18  U.  S.  gage. 

Ducts  and  flues  are  generally  made  in  the  shape  of  sections  and  joined  up  on  the  job,  special 
connections  being  installed  after  the  main  lines  are  in  place.  There  are  various  methods  em- 
ployed by  different  contractors  for  joining  the  various  sections,  some  of  the  more  common  types 


T---- 


T--^^^ 


Fia.  28. — Metbodi  oF  itifleniae  and  lockinc  aeam*  for  air  ducU. 

being  here  illustrated  (see  Fig.  28).  'For  smaller  work  the  use  of  an  angle  iron  is  unnecessary, 
the  standing  seam  giving  all  the  stiffness  required  for  short  spans,  but  for  spans  over  4  ft.— and 
certainly  for  spans  over  6  ft.- — ^ngle  irons  are  desirable.  Some  engineers  specify  that  ducts 
shall  be  stiffened  "so  as  to  bear  the  weight  of  a  man  on  a  planlc  laid  along  the  top  at  any  loca- 
tion selected."     Flat  seams  are  little  used  in  good  work  unless  the  size  of  the  pipe  is  12  in.  or 

Round  irfpa  (rom  a  pural]'  sffldSDir  atuulix^t,  an  alw&ya  tbg  beat,  the  amount  of  metal  required  to  furnlib 
a  Siveu  amount  ol  air  at  a  (ivsn  velooit)'  b«iD(  leiB  and  the  Iriotian  or  reautanoe  to  the  puiage  of  the  air  alio  beini 
raduced.  In  factorie*.  ihopa,  and  other  indiutrial  buildinsi,  round  ducts  and  fluea  are  the  rule;  in  better  dseiei  of 
buildinfi.  where  apace  ie  at  a  premium,  equare  or  reotaniuUi  fluea  are  lued  almoet  ei 
lon(  aide  of  a  rtetaogular  flue  ihould  never  be  man  than  thrae  timea  the  length  ol  tt) 
unavoidable. 


Fio,  29.- 


Fio.  30.—/ 


Volume  dampen  ihould  be  placed  eo  ai  to  control  with  abaolute 
rmtb  outlet  or  inlet  and  it  Is  impractical  to  tty  to  dc«i«n  a  >yslem  where 

In  Fii.  29  is  iUiutraled  an  up-feed  aupply  ayitem  outlet  in  which 
above  the  tap  of  the  outlet  in  order  to  form  an  air  ouahion  and  to  help  tt 
Thii  dietance.  which  is  usually  nrnde  B  (o  12  in.,  does  not  absolutely  equi 
a  large  quantity  of  air  shooting  out  through  the  top  third  of  the  register 


Fig.  30  iUustre 


iu»ted.     To  operate 


'  outlet  (or  an  up-feed  eihaust  system  with  ■  volume  damper  co 
the  flue  at  the  bottom  and  hooked  to  the  proper  position  at  the 
.prion  of  [he  meUl  will  hold  this  damper  tightly  in  its  proper  ] 
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[Sec.l-28a 


Table  22. — Proper  Gagbr  and  Weights  of  Rodnd  G.  1.  Pipe  and  Elbows  fob  Duct 

Systems 

Compiled  by  Heating  and  Ventilating  Magazine 


Gage  and  weight 
per  square  foot 

Diam. 

of 
pipe 
(in.) 

Weight 

per 

lineal 

foot 

Weight 

of 

fuU 

eU 

Gage  and  weight 
per  square  foot 

Diam. 
of 

pipe 
(in.) 

Weight 

per 
lineal 

foot 

Weight 
of 
fuU 
eU 

Ob.) 

Ob.) 

Ob.) 

Ob.) 

28  ff.  0.781b 

3 

4 

0.7 
1.1 

0.4 
0.9 

20  g.  1.661b 

38 
39 

18.2 
18.7 

180.4 
146.0 

^^p^^       ^^kv       ^^  ■   w    ^^      ^  B^  vvvvavavavvv 

^^»    ^^            ^^p  »              ^V     ■     ^^    ^^           ^  ^^       ■•■*»^W»W^W^ 

5 

1.2 

1.2 

40 

19.1 

162.9 

6 

1.4 

1.7 

41 

19.6 

160.7 

7 

1.7 

2.3 

42 

20.1 

168.0 

8 

1.9 

2.9 

43 

20.6 

176.7 

26  g.  0.91  lb 

9 
10 

2.4 
2.7 

4.3 
5.3 

■ 

44 

45 

21.0 
21.5 

186.0 
103.4 

^^v  ^^       ^^K  V        ^^  V  V^  ^V       ^v  w  vvvvvvs      ■      vvvv 

11 

2.9 

6.4 

■ 

46 

22.0 

202.8 

12 
13 

3.2 
3.4 

7.6 
8.9 

18  g.  2.16  lb 

47 
48 

29.2 
29.8 

274.8 
286.6 

^  *^      ^^  •     ^w  •  A  ^^      m  m^  •••••••••• 

14 

3.7 

10.4 

49 

30.4 

208.8 

25  g.  1.03  lb 

15 
16 

4.5 
4.7 

13.5 
15.1 

50 
51 

31.0 
31.6 

300.0 
822.6 

^^*^     ^B«       ^  •  %#  •#      •^^  ■••■■•     ••••     ■• 

17 

5.0 

17.0 

52 

32.2 

336.1 

18 

5.3 

19.1 

53 

33.0 

340.7 

19 

5.6 

21.4 

54 

33.6 

303.4 

20 

6.0 

23.9 

55 

34.4 

377.2 

24  g.  1.10  lb 

21 
22 

7.0 
7.3 

29.6 
32.3 

56 
57 

34.9 
35.6 

890.7 
406.1 

23 

7.7 

35.6 

58 

36.1 

418.8 

24 

8.0 

38.6 

59 

36.7 

433.1 

25 

8.3 

41.7 

60 

37.4 

448.0 

22  g.  1.41  lb 

26 

27 
28 

8.7 

10.9 
11.4 

45.1 

59.1 
64.2 

16  g.  2661b 

61 

62 
63 

46.7 

47.5 
48.3 

560.7 

580.0 
008.0 

29 

11.8 

68.6 

64 

49.1 

628.6 

30 

12.2 

73.4 

65 

49.8 

047.4 

31 

12.6 

78.3 

66 

50.5 

660.6 

32 

13.0 

83.4 

67 

51.3 

687.4 

33 

13.5 

88.9 

68 

52.1 

708.0 

34 

13.9 

94.3 

69 

62.8 

728.0 

36 

14.3 

99.9 

70 

53.6 

750.4 

20  g.  i.ee  lb 

36 
37 

17.2 
17.8 

124.4 
131.4 

71 
72 

54.3 
55.1 

771.0 
703.4 

^^»  ^^         ^^BV           ^^  W   ^^    ^^           ^  ^^     W^W»        ^^^^        ^VVV 

In  this  table  the  weights  include  rivets,  solder,  and  due  allowance  for  trimming  and  laps;  the  elbows  have  •■ 
integral  radius  equal  to  the  diameter  of  the  pipe.  Rectangular  pipes  are  iisuaUy  made  of  same  gage  as  round  plpsa  of 
equal  area. 

28a.  Mechanical  Circulation  of  Air  in  Ducts. — Diagram  8  shows  the  friction 

loss  in  ducts  for  hot  blast  apparatus  as  recommended  by  the  American  Blower  (Company. 
Diagram  9  is  a  generally  accepted  formula  and  curves  of  friction  factors  for  sheet  iron  ducts. 

The  formula  is  in  feet  head  of  air  and  can  be  converted  into  inches  of  water  by  multiplving  the 

12 
result  by  ^-^  when  the  result  is  obtained  in  feet  head  of  air.     Pounds  per  square  foot  is  the 

weight  per  cubic  foot  of  the  air  at  the  temperature  in  question. 
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S8&.  Air  Friction  Throtigh  Coib, 
RadUtort,  Air  WaaherB,  Etc—Table  23  gires 
condenaed  tabulatioo  of  the  resistance  of 
arioua  Htandard  pipe  coils  and  Vento  radiatoni 
e  used  in  conaection  with  fans.     The  reflist- 
ance  variea  directly  as  the  number  of  aectioDB 
.eep, — i.e.,  4  sections  have  twice  the  reaiataDce 
a  2  sections  for  the  same  velocity,    lite  f lio- 
.  tion  varies  as  the  square  of  the  velocity.    If 
the  friction  for  2000-ft.  velocity  is  deeired,  it 
will  be  4  times  the  friction  at  1000-ft.  velocity, 
or  if  that  for  300-ft.  velocity  per  minute  is 
desired,  it  will  be  0.25  of  the  friction  for  000 
ft.  per  min.    The  velocity  through  air  washers  should  never  be  over  700  ft.  per  min. 


Vktocitycrfai 

rvta  of  coeffleient«  far  friction 


Table  23. — Friction'  THROtroH  Hbater  Coils,  Radiators,  and  Air  WAaHKsa 

(in.  of  water).    Nominal  1-in.  pipe  —  L.28  in.  outside  diameter — I>i-in.  pipe  —  1,60  in. 

4  raws  to  section 
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.s 

1 

.5 

3 

i 

2 
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/'  I»r 

l«ec. 

19.8 

„.. 

12.33 

U.26 

20.S 

17.34 

„.. 

14.3 

12.2 

10.3 

eoo 

BOO 

lOOO 

0.12 

O.ia 

0.10 

o.ia 

0.22 
0.27 

0.34 

0.09 
o'l7 

o.ie 

0.23 

0.16 
0  47 

0-O4 
O.OB 

o!ll 
0  10 

0.11 

o.2n 

0.04 
0.11 
0,10 

0.11 
0.2B 

O.OSh'  0.168 

0.08      o'lM 
0.12O    0  224 

0.002    O.IZO 

0.14B 
0.135 

0.109 

0.313 
0.41S 

0.034,  0.032 
0.124    O.UB 
o'ihI  0,100 

0  in7'  0  160 

1 

0  004    0  OOO 

0  2tl2'  0  2.'it 
0.34al  0,332 

o.oa 

0.105 

0.052 
0,097 

0  082 

0,223 
0.203 

0.009 
0.090 

0.040 

OOM 

0.072 

0,192 
0,2S1 

0.36 
O.M 
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Friction  vui«  dicectb  h  the  number  of 
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Table  24  shows  the  general  practice  as  to  the  assumed  velocities  of  air  through  ducts 
for  different  classes  of  work. 

Table  25  is  an  equalization  table  for  pipe  sizes  for  duct  work  and  is  used  in  the  same 
manner  as  the  one  previously  given  for  iron  pipes. 

Table  24. — Air  VELoaTiEs  Thbough  Ducts 


Velooitiet  in  feet  per  minute 

Maximum   velocities 

Recommended  velocities 

Schools,  theaters, 

churches,  and 

public  buildings 

Machine  shops, 

foundries  and 

factory  buildings 

Schools,  theaters, 

churches  and 
public  buildings 

Machine  shops, 

foundries,  and 

factory  buildings 

Throuch  fft»»  outlet, ,.,,,,,,,.,,-- 

2000 
1400 
1200 
750 
450 
1400 
3500 

2500 
1800 
2500 
2000 
1600 
1700 

•   •  •  • 

1600 
1000  to  1100 
900  to  1000 
600 
353 
1000 
2700  to  3000 

2000 
1200  to  1300 
1200  to  2000 
1000  to  1600 
600  to  1200 
1200 
3000  to  4000 

Through  heater t 

Throush  lioriiontal  ducts 

Throuch  vertie*!  risera 

Through  register  or  outlets 

Throiiffh  intuke  ducts 

PeriDheral  soeed  fan  wheel 

28c.  Gravity  Circulation. — In  figuring  ducts  for  gravity  ventilation,  the  method 
described  in  Conrad  Meier's  **  Mechanics  of  Heating  and  Ventilation'  'is  used.  The  formulas  are 
as  follows : 

Let  h  *  height  of  flue  in  feet. 

7*/  *  absolute  temperature  of  flue. 

?*•  *  absolute  temperature  outside. 

Pr  «  pressure  to  overcome  resistance  of  oonstmotion,  in  pounds  per  square  foot. 

Pf  *  pressure  in  pounds  per  square  foot  due  to  friction. 

Pv  *  pressure  in  pounds  per  square  foot  to  create  velocity. 

d  «  diameter  in  feet. 

c  *  perimeter  in  feet. 

a  ^  area  in  square  feet. 

Q  "  cubic  feet  per  second  at  70  deg.  F. 

V  *  velocity  in  feet  per  second. 


Total  pressure  created  in  pounds  per  square  foot: 


P  -  0.075 


/         630\ 

V  -  tJ 


h  for  heat  flue  above  70  deg.  F. 


Total  pressure  created  in  pounds  per  square  foot: 


P  -  0.076 


(f.  -  ■) 


h  for  vent  flues  at  70  deg.  F. 


Pressure  in  pounds  per  square  foot  to  overcome  friction: 


Pf  -  0.075  X  0.00624 
Pressure  to  overcome  various  resistances: 


(n» 


^'(1) 


i.i« 


Pr  -  0.075  X  1.26r 


(V)i» 


Pressure  to  create  velocity: 
Actual  velocity  obtainable: 


2g 


(lb.  per  sq.  ft.) 


P.^P-iPf-^-  Pr) 


VPm  Q 

^00^  -  -     (Q  -  ou.  ft.  per  sec.  at  70*F.) 


Theoretioal  velocity  —  K  —    \^0075 


(1) 

(2) 

(8) 

(4) 
(0) 

(6) 
(7) 


In  Table  26,  the  available  power  for  gravity  flue  is  given,  taken  from  Meier's  charts,  and  in  Table  27  the  friction 
for  lengths  and  discharge  of  square  ducts  of  various  areas  are  given.  In  Table  20  on  indirect  radiation  previously 
given,  the  resistance  in  pounds  per  square  foot  is  tabulated  for  the  various  types  and  sises  one  section  deep  for 
150  ft.  velocity  per  minute.     For  any  other  velocity,  square  the  proportional  difference,  t'.s.,  twice  the  velocity 
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use  4  timee  the  resistance.  By  trial  it  is  fairly  easy  to  proportion  the  system  so  that  the  friction  la  well  within 
75  %  of  the  total  available  head.  Due  to  the  uncertainty  of  gravity  ventilating  systems  and  the  expense  of  installa- 
tion, they  are  becoming  less  and  less  used.  With  the  cheap  cost  of  electric  power  and  its  universal  availability 
for  operating  fans  and  motors,  positive  results  and  greater  satisfaction  are  assured  by  their  use.  Except  in  the 
of  small  residences,  gravity  ventilation  has  little  to  recommend  it. 


Tables  26  and  27  will  prove  useful  in  checking  the  flow  and  friction  for  hot  air  furnace 
installations  and  all  cases  where  movement  by  gravity  in  ducts  is  involved  (see  previous 
examples). 

Tabl£  26. — Available  Head  for  Flubs  op  Given  Height  and  Temperature  Difperbncb^ 

(lb.  per  sq.  ft.) 


Height 
(ft.) 

Pressure  in  pounds  per  sq.  ft.  difference  in  temperature  for  flues — outside  or  entering  air 

20  deg. 

30  deg. 

40  deg. 

50  deg. 

60  deg. 

70  deg. 

80  deg. 

90  deg. 

100  deg. 

150 
deg. 

100 

0.27 

0.40 

0.52 

0.65 

0.76 

0.87 

0.99 

1.1 

1.2 

1.7 

90 

0.25 

0.36 

0.47 

0.57 
0.52 

0.68 

0.79 

0.89 

0.99 
0.86 

1.1 

1.5 

80 

0.22 

0.32 

0.42 

0.61 

0.69 

0.78 

0.95 

1.3 

70 

0.19 

0.27 

0.36 

0.45 

0.54 

0.61 

0.68 

0.76 

0.83 

1.15 

60 

0.16 

0.24 

0.31 

0.37 

0.45 

0.52 

0.59 

0.05 

0.7 

1.00 

50 

0.135 
0.11 

0.2 

0.26 

0.32 

0.37 

0.43 

0.49 

0.55 

0.6 

0.82 

40 

0.16 

0.22 

0.255 

0.3 

0.35 

0.38 

0.43 

0.47 

0.66 

30 

0.0825 

0.12 

0.16 

0.2 

0.22 

0.26 

0.29 

0.32 

0.35 

O.CO 

20 

0.055 

0.08 

0.107 

0.13 

0.15 

0.17 

0.2 

0.22 

0.24 

0.33 

10 

0.027 

0.04 

0.052 

0.065 

0.076 

0.087 

0.098 

0.11 

0.12 

0.17 

5 

0.02 

0.0255 

0.032 
0.019 

0.037 

0.043 

0.05 

0.055 

0.06 

0.082 

3 

•  •   ■   ■ 

0.022 

0.026 

0.029 

0.032 

0.035 

0.05 

1  From  "  Mechanics  of  Heating  and  Ventilation**  by  Conrad  Meier. 

2M.  Duct  and  Fan  Circulation. — ^Using  the  heat  loss  in  Fig.  7  and  Table  13> 
1,233,000  B.t.u.  per  hr.  for  —10  deg.  F.  outside  and  70  deg.  F.  in  the  room,  determine  the  sixes 
for  heater  and  duct  system,  with  Diagram  7  and  accompanying  tables. 

Tlie  entering  air  temperature  will  be  assumed  at  120  deg.  F.  or  50  deg.  above  the  room  temperature  with  10  deg. 

1.233.000  X  140 
lost  in  the  ducts.     The  total  heat  required  will  be -^ —  3,450,000  B.t.u.  per  hr. 


50 


The  air  required  will  be 

B.t.u.  per  hr. 


3.450.000 


3.450.000 
151.2 


-  22,820  ou.  ft.  per 


60  min.  X  diff.  X  spec,  heat  of  air  X  TF  at  70  deg.  F.       60  X  140  X  0.24  X  0.075 

min. 

If  all  out  door  air  were  used,  this  would  have  to  be  raised  from  — 10  deg.  F.  to  130  or  140  deg.  F. 

In  extreme  weather  it  is  customary  to  recirculate  part  of  the  air  say  Hi  from  the  room  at  70  deg.  F.  and  the 
remainder  from  out  of  doors.  This  arrangement  is  accomplished  by  means  of  dampers.  If  the  air  is  reoiroulated, 
the  rise  in  temperature  will  be  H  the  air  from  70  deg.  F.  and  H  from  — 10  deg.  F.,  or  the  entering  temperature  of 
the  mixture  will  be  30  deg.  F.,  average. 

Assuming  for  this  case  5-lb.  steam  pressure  in  the  ooal  or  227  deg.F.  and  a  velocity  of  1200  ft.  per  min.  through 

22,820 
the  clear  area  of  the  heater,  we  have   .^qq    *  19.02  sq.  ft.  free  area. 

From  the  tables  in  the  manufacturers'  catalogs,  a  pipe  ooil  may  be  selected  with  f  «  17.1  sq.  ft.  of  heating 
surfaoe  per  sq.  ft.  free  area.     The  number  of  stacks  of  pipe  ooils  deep  required  can  be  calculated  from  Formula 

7.  p.  1122- 
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— Frictiok,  Abxab  of  Squabb  Flvkb,  utt>  Dischabos  in  Cu.  Ft.  fbb  Mik.  pob 
Squabb  Doors  fob  Uob  in  Gbavht  Viktilatiok' 
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(227  -  701         Lqk  1,6186 


Put  in  4  lUcb  ai 


pnwun  will  be,  with  Air  at  -lOdeg.  F.,meuiiredAt70d«,  F.  "^flj" 

ii  reciniulAted  in  10  dot.  P.  wmtlwr,  the  rise  in  t«niper«tu»  will  be 

thin  tw  fill  ■  difference  in   tempatBture  ci[  130  d«i.  -  30  def .  -  100  deg. 


.     The  condeoHtian  at  Mb. 
'  -  3590  lb.  eteaiQ  per  hr.     If  M  the  air 

~ -  30  dec.     The  coDdenaatiaa  wOl 

dr  l-j^  X  3590  -  2564  lb.  par  hi.     U  lU 
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the  air  ia  reciroulated,  the  rise  in  temperature  will  be  130  deg.— 70  deg.  «  60  deg.,  and  the  condenaation  will  be 
2664  X  0.6  -  1640.0  lb.  ateam. 

Using  Diagram  6,  we  have  ^.  -  227  deg.  F.,  ^i  «  -10  deg.  F.,  9%  -  130  deg.  F.,  9\  -  Ot 

»  97  deg.  F.,  9.  —  ^1  »  237  deg.  F.    Select  the  absciasa  on  the  middle  chart  and  move  up  to 

curve  9«  ~  ^s  »  97  deg.  F.,  select  the  ordinate  at  this  intersection  and  move  to  the  right  to 

the  curves  for  1200-ft.  per  min,  velocity  which  gives /for  pipe  coils  »  102.5  and  for  Vento  »  115. 

This  ordinate  is  the  one  next  to  the  heavy  line  illustrating  a  previous  problem. 

Using  a  ooil  with  /  ^  17.1  aq.  ft.  per  aq.  ft.,  the  number  of  stacks  of  4  row  sections  deep  la  "yTT  "■  6  deep  or 

24  rows  of  pipes,  wnich  checks  with  the  analytical  work.  Total  surface  ■*  19  aq.  ft.  X  6  X  17.1  «  1960  aq.  ft* 
Moving  on  the  same  ordinate  to  the  left  to  curves  for  ^  —  9i  ■>  140  deg.  F.  and  moving  up  the  abscissa  at  thia  intai^ 
aeotion,  we  have  0«  —  9m  *  167  deg.  F.,  and  from  Diagram  6  we  have  k  for  pipe  ooila  «  11.4  B.t.11. 

1950  X  167  deg.  X  11.4  -  3,490,000  B.t.u. 

In  ease  a  Vento  section  is  used,  select  from  Table  20  the  regular  section,  6H-in.  oeDtMB«  f  ■■  14»6»  724n.  height* 
1.303  sq.  ft.  free  area  per  section. 

TT-^  •-  8  stacks  deep 
19.02  aq.  ft.  total  free  area  ^^, 

1.303  aq.  ft.  free  area  per  section  *        ■•««<«•• 

16  aectiona,  8  deep  X  19  sq.  ft.  ^  2280  sq.  ft.  of  heating  surface. 

From  Diagram  6,  uaing  cast-iron  Vento  with  1200-ft.  per  min.  velocity,  and  #•  —  #«*  166  deg.  F.,  166  deg. 
X  10.2  B.t.u.  X  2280  sq.  ft.  -  3,606,780  B.t.u.  By  selecting  a  section  with  the  correct  factor  /,  or  changing  the 
velocity,  the  most  economical  section  may  be  selected. 

Asf  uming  the  condition  of  one-half  the  entering  air  recirculated  or  an  average  entering  temperature,  ^  « 80 
deg.  F.,  9,  -  227  deg.  F.,  9t  -  130  deg.  F.,  #,  -  9i  -  197  deg.  F.,  9,  -  9t  -  97  deg.  F.,  and  9%  -  9\  ^  100  deg.  F. 
Selecting  Diagram  6  aa  before,  9t  —  9\  »  197  deg.  F.  and  curve  #«  —  #t  *  97  deg.  F.,  we  have  /  for  the  Vento 
i-  90  and  for  pipe  coils  -"80.     9«  —  9m  for  both  ia  140  deg.  F.,  uaing  curve  ^  ->  ^  ■■  100  deg.  F.,  and  the  aame 

ordinate. 

80 
Pipe  coils  will  require,  if  Z'  is  19.6  (Table  23),  jg-^  ^  4.1  aectiona  deep,  aay  4  aectiona,  with  alightly  higher 

velocity  or  greater  area.     The  square  feet  of  heating  surface  or  19.02  aq.  ft.  free  area  «  19.6  X  19.02  X  4  "i  1489.6 

sq.  ft.  in  the  coil,  4  sections,  4  pipe  deep.     Then  1600  aq.  ft.  X  11.4  B.t.u.  (Diagram  6)  X  140  deg.  ■■  2,394,000 

2.394  000 
B.t.u.  i>er  hr.    g^.^' —   *  2600  lb.,  which  checka  with  previoua  analytical  work. 

Assuming  60-in.  Vento,  f  *  14.92,  6H-in.  centers,  0.906  sq.  ft.  free  area  per  section,  and  13.6  sq.  ft.  aurfaoe 

90 
per  aection,  we  have  (Table  20)  tTqa  ""   ^  aectiona  deep. 

19.02  total  sq.  ft.  free  area        ^  ^i  -^oti 
0.906  sq.  ft.  free  area  per  section  -       ■•c«0M 

21  sections  X  6  X  13.5  -  1700  sq.  ft.  of  heating  aurface  in  the  atack. 
IMagram  5  givea  10.4  B.t.u.  for  1200  ft.  vdooity. 

g^Y~W~t —  *  2576  lb.  steam  per  hr.,  which  alao  checks. 

Diagrama  6  and  6  will  enable  any  problem  in  handling  air  to  be  solved,  either  gravity  or  fan  work,  if  the  square 
feet  of  surface  per  square  foot  of  area  /'  is  known.  Thia  takes  the  place  of  all  the  voluminous  tablea  in  the  Vento 
book  and  those  published  by  blower  companies. 

29.  Duct  Systems. 

29a,  Tnmk  Line  Ducts. — Pig.  31  shows  a  layout  for  trunk  line  duct  with  30 
outlets  with  a  capacity  of  1000  cu.  ft.  for  each  outlet.  We  will  allow  the  lowest  velocity  at 
1000  ft.  per  min.  for  the  longest  line  of  210  ft.  Diagram  8  gives  for  20(X)  cu.  ft.  (for  the  2  outlets 
on  this  Une)  a  20-in  round  duct  and  0.09  in.  friction  per  100  ft.  For  all  branch  ducts,  use  0.09 
in.  per  100  ft.  and  for  the  main  trunk  use  0.1.  In  using  chart,  follow  up  the  0.1-in.  line  until  it 
intersects  at  right  angles  the  discharge,  and  the  nearest  velocity  and  size  pipe  to  this  intersec- 
tion will  be  the  proper  ones  to  select.  Referring  to  letters  on  Fig.  31,  Table  28  gives  the  result- 
ing readings.  The  duct  lines  are  Fixed  for  practically  the  same  drop  per  100-ft.  run  and  the 
velocities  at  the  outlet  are  regulated  by  volume  dampers  set  at  the  proper  point.  The  opening 
of  the  nearby  dampers  will  be  much  less  than  those  at  the  end  of  the  line.  These  are  set  with 
an  anemometer  after  installation  as  the  pressure  near  the  fan  is  much  greater  than  at  the  remote 
parts  of  the  system.     Flaring  reducers  may  be  used  to  reduce  the  velocity  to  the  6ame  rate  for 
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CU.A 


cuft 


FxQ.  31. — Trunk  line  duot  esrstem. 


Table  28 


No. 

Capacity 

(cu.  ft.  per 

min.) 

Diameter 
(in.) 

Velotioy 
(ft.  per  min.) 

Friction  (in. 

of  water  per 

100  ft.) 

Length 
(ft.) 

Friction  (in. 

of  water  for 

entire 

length) 

Total 

friction  (in. 

of  water) 

K 
J 

I 
H 

D 
C 

B 
A 

KJIH 
B 
F 
0 

30.000 
28.000 
26,000 
24,000 

8,000 
6.000 

4.000 
2.000 

2,000 
4.000 
6.000 

56 
55 
54 
52 

34 
30 

26 
20 

•   « 

18 
24 
27 

1,800 
1.700 
1.650 
1.600 

1.275 
1.200 

1.060 
900 

•      •      •      V 

1.100 
1.250 
1,500 

0.110 
0.100 
0.0975 
0.09 

0.09 
0.09 

0.085 
0.075 

•  •  «  • 

0.13 
0.13 
0.15 

10 
30 
30 
30 

30 

£1125 

Tee  30 

30 

30 

•   • 

30 
30 
30 

0.011 
0.03 
0.0293 
0.027 

0.027 
0.0495 

0.0255 
0.0225 

• 

0.2218 

0.0973 
0.039 
0.039 
0.045 

0.2203 

The  total  drop  in  friction  K,  J,  /,  H,  D,  C,  B,  A  (Table  28) 0.2218 

The  friction  through  the  heater  6  aections.  1200  ft.  velocity,  Table  23  gires  ABC  coil  @  1000  ft. — 24  pipes 

0.186  in.  water  0.186  X  (1.2)«  in.  water 0.268 

900 
Velocity  head  1800  ft.  per  min.  or  30  ft.  per  aec.  . .,,  „  ■■  0.2 

4400.0 

Allow  50 %  duct  loM  for  obfltructiona 0.11 

Total 0.7998 

in.  water 

A  pressure  head  of  1.25  in.  water  on  fan  will  be  ample.     The  horsepower  of  the  fan  will  be  as  follows; 

Let  H  *  head  in  inches  of  water  *  1.25  in. 

Q  >  cu.  ft.  of  air  at  70  deg.F.  per  min.  -  30.0(X)  cu.  ft. 

6  2HQ 
33.000  ft.-lb.  -  1  hp.        hp.  -  p-^ 

In  such  calculation  take  fan  efficiency  at  50  %  althoxigh  it  may  run  from  40  to  60  % . 
,  5.2  X  30.000  X  1.25  in.       ,_  .  ,^. 

^P 33,000  X  0.5 ^^  ^P-  *^'"y  ^^^^'  '"°*°'' 

29&.  Separate  Ducts. — Fig.  32  is  a  layout  for  separate  ducts  for  each  flue  or 
room.  In  this  case  there  will  be  the  same  drop  in  the  total  length  of  each  duct,  varying  the 
area  and  velocity  to  accomplish  this,  rather  than,  as  in  the  former  case,  having  nearly  the  same 
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Irop  per  unit  of  length.    Also  it  is  desriable  to  use  reetaDgular  ducta  so  that  they  will  lie  cloae 
ogetber.    We  will  make  H  and  K  double  the  depth,  or  24  id.,  while  the  others  will  be  12  in. 
Using  Diagram  8  as  before  and  0.21  in.  for  the  total  drop  in  each  duct,  we  have 


No. 

No. 

Cupucily 

TotiJ 

Londb 
ol 

HiT/i. 

Di.».t«o. 

Vdoeity 

81*0  MO- 

tangulu'  pipa 

outlet 

oi^ta 

ouUel 

{ou.  ft. 

pips 

I 

(Id.) 

°      2U  +  B) 

p.r.i„.) 

(in.  of  w»ter) 

(to.) 

J^ 

1000 

10 

2.10 

8 

1800 

ex  13 

B 

40 

82 

1700 

C 

1000 

UH 

UOO 

D 

1000 

2000 

100 

21 

12H 

UX  12 

I.E. 

1000 

101 

13 

J.F. 

1000 

10  X  12 

1000 

«000 

190 

MM 

660 

IBX  12 

K 

2000 

2000 

IBM 

ISXM 

H 

zooo 

<000 

220 

OB55 

10 

1000 

18X24 

Fia.  32. — Scpanta  duct  ly^tcin. 
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Pio.  32A.— 


rtion  tbrouch  BopBrato  t 
combined  with  tb 


n  (Fii.  32). 


It  oftan  oeeun  where  the  ventilatioi  lyitem  ie  combined  with  the  heating  ■yBtam,  u  in  Hhouli  oi 
ut  the  best  cwried  by  Uie  air  nernieery  for  Tentilatioo  will  b«  Don  than  eaough  to  produce  the  proper  lemparsture, 
1  such  cases,  the  B  t.u.  loeeee  should  be  divided  Into  the  amount  of  air  reiiuired  for  veatilation  to  oblaJn  the  proper 
M  In  lemperatura.  If  the  B.t.u.  I«a  I*  1,600.000  and  then  are  2000  people  requiring  80  eu.  ft.  of  air  per  min.  for 
mtilatios,  then  the  diSuilon  or  heat  required  above  the  normal  room  tsmperatun  to  replace  the  beat  ICMMl 


DiflUB 


1 .000.000  B 


7-  -  2.03  deg.  to  replace  tl 
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SO.  Fans  aad  Blowen. — Power  f&iu  ehould  b«  used  for  all  ventilation.  Suoli  equipment 
can  be  obtained  in  a  variety  of  f  anna,  convenient  and  economical  to  operate.  There  are  aevenl 
types  of  fans,  each  having  ita  characteristics. 

IMak  fans,  which  are  used  for  ventilation,  will  remove  the  air  from  a  room  or  supply  air  for 
any  purpose  where  large  volumea  are  desired  at  low  refiiBtanceB.  It  is  not  economical  to  operate 
themonaduct  Bj^tem  against  any  appreciable  reeietance.  The  "Ventura  "fan  and  the  "Black* 
man"  fan  are  built  up  to  10  or  12  ft.  in  diameter  and  make  excellent  exhaust  fans.  Cone  fans 
will  produce  considerable  pressure  and  they  need  no  housing. 

The  old  type  of  paddle  wheel  fan  is  built  by  all  fan  manufacturers.  The  width  is  about  K 
the  diameter  and  the  wheel  diameters  are  generally  from  2  to  16  ft.  The  housings  come  th« 
same  as  for  other  fans,  with  various  arrangements  for  the  outlets  and  inlets.  They  ar«  excellent 
where  a  slow  speed  is  desired,  as  when  operated  by  an  engine,  although  they  take  up  a  gi«at 
deal  of  space. 

Id  adcetini  fani  the  Importuit  pointa  to  look  f c 
wltli  line  bcArincL  *rha  BCfeed  should  not  b«  over  a 
than  thie  any  fan  !■  apt  to  be  aiimy. 

M-allMaJt  Fam. — Thi>  typa  has  a  vary  larsa  inlet  neuly  the  full  diameter  of  the  wheel,  with  s  ■«{(■  of  nunnr 
bUdea  Ht  date  together  in  the  lim.  They  an  oonunc  quite  feneraUy  into  favor  due  to  the  email  spaae  raauind  for 
a  civen  capadty  u  «impa»d  with  the  psddia  whsel  type. 

This  type  of  tui  WH  introduced  by  John  Davidson  of  Belfiat,  Lelsnd,  aod  exploited  by  the  Ameiioan  BlowM 
Company.  Other  eompsniea  followed  snd  varied  the  dcaim  for  isltinE  purposes.  They  are  known  aa  th*  "Sir- 
rooo,"  Multivsne,  CoDoidal.  Plexiform,  and  others,  depending  on  the  company  selliDi  them. 

Theae  fsDi  w  well  adapted  for  iugh  speed  prime  movers,  such  w  turbio«  or  motor*.  Forlivae  oapadtks 
they  are  built  double  width  with  two  inlets,  requirini  a  small  space  and  di&meter  with  low  headroom. 

All  fan  manufacturers  ueue  detailed  informstion  ooncenung  their  product.  Fan  problems  should  be  taken  19 
with  tluM  companies  direct,  as  limited  span  prevnnU  a  more  eitcnded  treatment  d  the  subjeet.  HuItlvaM 
fans  have  different  eharseteristiea  peeulisr  Co  each  type  manufactured. 

AttentioD  should  be  ealled  to  the  use  of  disc  ventilating  fans  in  oonneotion  with  long  vertical  flun  for  exLaui^ 
ini  »ir.  The  oapadty  of  the  flue  under  natunj  draft  ghould  be  determined  first,  as  in  many  cases  the  veloeity  fna 
natural  draft,  due  to  beigbt,  is  auch  that  the  fan  and  motor  add  nothing  but  actually  tnduoe  the  OKpuity. 

podtivB  action  is  aleo  obtained  by  driving  the  air  through  a  duct  syitaia  than  by  exhausting  it,  tliat  It,  piMliic 
the  duet  lystem  on  the  discharge  of  the  fan  rather  than  on  the  suction  side. 

81.  Allowance  for  Fittings. — Tables  30  and  31  give  the  corrections  for  elbows  and  fittings 
for  steam,  water,  and  air.  The  writer  generally  allows  for  these  in  the  total  bead  as  they  ooour 
on  all  circuits  in  about  like  proportion.  Due  to  the  fact  that  construction  may  not  bainaceord- 
ance  with  the  calculated  assumption  and  these  calculations  are,  at  beat,  not  accurate,  the  writer 
believes  it  better  to  allow  in  the  total  available  head  for  friction  in  elbows  and  other  fittinp. 
Steam  and  water  fittings  have  a  great  resistance  when  reducing  on  the  run  and  these  can  be 
avoided  in  most  cases  in  designing.  With  long  turn  ells  on  large  eiics,  in  case  of  water,  tb* 
The  table  is  given  in  case  it  is  desired  to  include  them  in  this  class  of  woric. 
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Tablb  31. — EcunvAUNT  LaKorH  op  SnuioHT  Ptpx  tor  Fittinos  and  VALyaa 
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JVote.— Udi  tun  clb  ■hoold  b«  ui 
iutcwl  of  (lobe  nlvM.     Badueins  fit 

edoi 

Ktb 

111  Hcain  ud  mta 

lutterudthtlux 

DD  the  ]»■««».     Oati  nlvs  ■bould  be  UMd 
tberuD.     Hich  prwun  ileua  doM  not  tutter 
Inun  lo«i  i*  ieldom  mttIhI. 

BOILERS,  FtTBLS,  Aim  CHIHHSTS 
SS,  Tjpes  of  Boilers. — The  diSereDt  types  of  boilerg  may  be  classed  as  follows: 
(1)  Water  tube 

!a.  Internally  fired 


(2)  Fire  tube 


(3)  SectioDol  (Cast  iroa) 


.  Externally  fired 

I  a.  Round 
6.  Sectional 
e.  Watertube 


Scotch  Marioe 
I  Locomotive 
I  Fire  box  boilers 

{ Horisontal  tubulu 


Tlie  boiler  proper  is  the  heat  absorbing  surface  interposed  in  the  passage  betwem  the 
grate  and  the  chimney  to  sbsorb  the  heat  froni  the  hot  gases  produced  by  the  combustion 
of  the  fuel.  Its  function  is  separate  and  distinct  from  the  combustion  system  composing  the 
grate  and  chimney. 

U.  Requirements  of  a  Perfect  Boiler.-~The  writer  cannot  improve  on  G.  H.  Babcocks's 
requirements  for  a  perfect  boiler  published  in  Steam  and  they  are  just  aa  true  today  as  ever. 
Tliey  ore  as  follows: 

tobetfaebnt 


»  Htion  of  the  fin  ti 


(4)  Wfttar  ■uifmce  [or  the  ditenxuatrntat 

(6)  A  eooatuit  uid  thi>roush  circulBtion 
t  (KDie  ta  mpefsture  u  poaaible. 

(5)  Wstcrapue  divided  iatoaectioiuH) 

■e  eflBole  » ill  be  eonfined  It 


Lf  DuteriAla  whioli  eiperien»  Iibb  eli 

«csiTe  ■Uiirpuritieadepoatedlrom  tbewatar. 

V  fluctuation  in  eteam  ptiHUre  or  vater  IsTeL 

from  tlie  water,  or  lufflcient  extent  to  prevAnt  fi>amlnf 


aod  tb*  deatruet 

f«rent  aecUoria  t4 

(7)  A  sraat 


M  eacape  of  the  cc 
D  an. 


nbetn 


awiUw 


LisDcUi  over  any  lecitimate  itrwn,  the  boiler  beins  i 
id.  if  poaaible,  to  avoid  bQ  joiDta  eipoaed  to  the  direet 
(8)  Have  tb«  cambuation  chamber  ao  arranfed  that  the  combuatioD  of  the  (■ 
eam[det«d  before  eHapim  to  the  Fhimner. 

(0)  ThebeatincaurfaceaaDeaily  aapoaaiblaatrlshtaacleatotheeurTeiiUof  heat«l 
cuiraDta  and  eiiUaiit  the  •atlr*  available  heat. 

<  10)  All  parte  readily  aeceaaible  for  eleanlni  and  repain  both  Inalde  and  oulaid*.     Thia  ia  of  the 


natruoted  ae  to  be  free  from 
itarted  in  the  furnace  ihall  be 


{ID  Proportioned  (i 
(12)  Equipped  with 


end  aapable  of  workini  to  the  tuti  capacity  with  the  hlchait  •eonomy. 
eat  trimniiaci,  (acea.  gaiety  valvee.  and  hiturea,  not  forcettin«  Inatruman 

13)  Straietit  tube*  are  better  than  eurred  tubes  both  la  cleaning  and  replMenientt  aa  ourrad  tabta  an  ai 
bard  to  oblals  in  an  emersenoy. 
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34.  Heating  Surface. — The  heating  surfaces  are  classed  as  (1)  direct  fire  surface  or  that 
exposed  to  the  direct  rays  of  the  fire,  absorbing  heat  both  by  radiation  and  convection;  (2) 
indirect  surface  or  that  which  absorbs  heat  by  convection  only,  and  (3)  superheating  suifaoe; 
or  that  which  has  steam  instead  of  water  on  one  side.  The  average  absorption  of  power  boilen 
is  from  2000  to  3000  B.t.u.  per  sq.  ft.  of  heating  surface  per  hr.  The  American  Radiator  Com- 
pany claims  an  absorption  of  10  B.t.u.  per  sq.  ft.  per  deg.  difference  for  direct  heating  surface 
and  for  indirect  or  flue  surface  for  a  difference  in  temperature  of  from  800  to  900  deg.  between 
the  water  and  gases,  3.5  B.t.u.  per  sq.  ft.  per  deg. 

This  means  that  the  direct  fire  surface  has  a  greater  value  by  4  or  5  to  1  than  flue  surface 
in  a  boiler.  At  the  same  time,  these  higher  temperatures  require  a  more  intense  fire  and  greater 
attention. 

36.  Water-tube  Boilers. — These  are  used  where  large  units  are  required  to  eoonomiie 
space  and  obtain  high  rates  of  combustion  in  order  to  carry  heavy  overloads  as  well  as  a  wide 
range  of  power  load,  thus  reducing  the  number  of  boilers  and  fires.  Most  of  them  are  composed 
of  small  cylindrical  uniU  with  thin  walls,  capable  of  withstanding  high  pressures.  All  are  sold 
and  rated  on  10  sq.  ft.  of  heating  surface  per  horsepower.  The  heating  surface  being  in  tubular 
and  cylindrical  forms,  is  fairly  easy  to  check.  Nearly  all  water-tube  boilers  require  brick  setting^ 
and  are  erected  in  sections  so  that  they  may  be  taken  into  buildings  through  small  openings. 

36.  Fire-tube  Boilers. — As  the  name  indicates,  the  heating  surface  of  these  boilers  consists 
of  tubes  surrounded  by  water  and  through  which  the  hot  gases  pass  and  are  known  as  internally 
and  externally  fired. 

The  Locomotive  and  Scotch  Marine  are  the  most  common  types  of  internally  fired  boilers, 
while  the  horizontal  tubular  is  externally  fired.  The  locomotive  type  has  a  fire  box  formed  of 
the  extension  of  the  shell  or  barrel  containing  the  tubes.  The  sides  and  top  of  the  fire  box  are 
annular  and  require  careful  staying  due  to  the  fact  that  the  surfaces  are  flat  and  will  not  with- 
stand pressure  like  cylindrical  sections.  They  are  short  lived  where  bad  water  is  iised  due  to 
collection  of  scale  on  surfaces  exposed  to  the  fire.  The  type  used  for  stationary  heating  practice 
is  called  a  fire  box  boiler. 

The  Scotch  Marine  boiler  consists  of  a  large  cylinder  with  comigated  circular  fire  boxes  passing  from  hmd  to 
head,  the  grates  setting  in  the  lower  portion  of  the  fire  box.  It  may  be  built  from  8  to  20  ft.  in  outside  diameter 
and  sometimes  has  3  fire  boxes.  It  may  also  be  arranged  to  be  fired  from  both  ends.  The  circulation  of  the  water 
under  the  corrugated  fire  boxes  is  poor  due  to  the  dead  space  under  the  fire  except  when  on  a  ship  at  sea.  Oa 
land  the  circulation  is  remedied  by  using  a  small  pump  to  circulate  the  water  from  the  bottom  to  the  top.  No  bii^ 
work  is  required,  and  the  fire,  ash  pit,  etc.,  are  all  surrounded  by  heating  surface  and  water.  The  shdl«  howsTer, 
needs  to  bo  well  insulated.     Combustion  arches  are  sometimes  used  of  masonry  to  aid  combustion. 

The  horizontal  tubular  boiler  is  the  most  common  type  of  boiler  used  in  stationary  practice.  It  is  a  simple 
shell  partially  filled  with  tubes  set  in  brick  work  and  is  one  of  the  most  reliable,  and  when  well  aet  will  equal  any 
boiler  in  economy.  All  shell  boilers  are  limited  as  to  pressures  and  capacity  by  the  diameter  and  thioknesa  of  shdl 
exposed  to  the  fiie.     The  riveting  of  the  shell  and  bracing  of  the  heads  are  important  details  of  oonatruotioii. 

The  Hartford  Steam  Boiler  and  Inspection  Company  furnishes  specifications  and  details  of  the  beat  pimeliee 
in  the  setting  and  construction  of  these  boilers.  Care  must  be  exercised  that  suflicient  entrance  spaee  ia  always 
provided  for  erection  in  buildings. 

87.  Settings. — Boilers  should  be  set  with  hard  brick  with  lime^  mortar.  Little  cement  is 
used  due  to  the  possibility  of  cracking.  Furnaces  and  sides  up  to  the  lugs  should  be  lined  with 
fire  brick  set  in  fire  clay.  A  slow  fire  should  be  started  and  kept  going  until  the  setting  is  thor- 
oughly dry  to  avoid  cracking.     The  top  may  be  covered  with  a  course  of  brick  or  pipe  covering. 

In  the  past  domes  were  provided  to  furnish  dry  steam  but  due  to  weakening  the  shell, 
they  are  generally  omitted  and  dry  pipes  furnished. 

Proper  foundation  should  be  placed  under  the  walls  with  a  sufficient  thickness  and  spread  to  oarry  tlie  boiler 
without  settling.  Buck  stays  and  tie  rods  are  used  to  hold  the  side  waUs  in  place  and  keep  them  from  spmadini 
but  they  should  never  be  Used  longitudinally.  The  boilers  are  supported  in  two  ways:  (1)  directly  on  the  waUsby 
means  of  lugs  riveted  to  the  shell  resting  on  the  brick  walla,  and  (2)  by  means  of  4  steel  columns,  one  at  eaeh  eociMr 
of  the  setting,  supporting  a  steel  beam  from  which  one  or  more  boilers  may  be  suspended  with  suspenaioii  rods 
riveted  to  eye  bolts  on  each  side  of  the  shelL  By  this  method  of  suspension  the  boilers  are  supported  entirely 
independent  of  the  brick  setting.  With  the  lug  method,  two  lugs  are  used  on  each  side,  resting  on  plalot  OO  tlN 
brick  work,  the  rear  lug  having  bearing  rolls  so  as  to  provide  for  expansion. 
Settings  may  be  found  in  all  boiler  manufactureiv'  cataloguee. 
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88.  Area  of  Grate. — The  rate  of  coal  coDSumption  per  square  foot  of  grate  may  be  anything 
for  which  the  combustion  system  is  designed  by  taking  the  maximum  power  load  in  horsepower 
and  reducing  it  to  terms  of  fuel  per  hour.  From  10  to  25  lb.  of  soft  coal  may  be  burned  per  sq. 
ft.  of  grate  per  hour.  Horizontal  tubular  boilers  generally  have  a  grate  surface  equal  to  the 
square  of  the  diameter  of  the  shelL  This  is  often  lengthened  a  foot  or  two  where  a  slow  rate  of 
combustion  for  heating  purposes  is  desired,  for  coal  capacity  and  to  reduce  periods  between 
firings,  or  for  purposes  of  operating  at  overloads. 

89.  Rating. — The  36  to  42-in.  boilers  are  rated  at  12  sq.  ft.  of  heating  surface  per  horsepower 
and  all  above  that  at  10  sq.  ft.     They  are  built  in  units  up  to  355  hp.  with  96-in.  shells  22  ft. 

long.     To  reduce  the  ratings  to  standard  square  feet  of  steam  radiation,  multiply  by  —  ^     ' ' 

It  would  be  advisable  when  smaller  sized  fire-box  boilers  are  used  under  low  pressure  for 
heating  purposes,  to  increase  the  heating  surface  per  horsepower  to  12  and  15.  These  catalogue 
ratings  are  simply  a  measure  of  the  amount  of  boiler  or  heating  surface  being  purchased,  for  both 
buyer  and  seller  are  equally  able  to  check  the  size  and  heating  surface.  They  have  little  to  do 
with  the  rating  under  which  the  boiler  may  ultimately  be  operated  in  actual  service.  The  heat- 
ing surface  per  horsepower  increases  as  the  load  decreases.  Thus,  if  a  boiler  were  operated 
under  60  %  of  its  rating  in  service,  the  square  feet  of  surface  per  horsepower  would  be,  if  12  sq. 
ft.  were  the  standard  at  full  load,  20  sq-ft.  of  heating  surface  per  horsepower. 

Any  power  boilers  may  be  used  for  gravity  or  forced  hot  water  circulation,  and  the  water  may  be  droulated 
directly  through  it.  In  the  case  of  forced  hot  water  circulation,  the  velocity  of  the  water  over  the  surface  enables 
it  to  be  reduced  to  about  6  sq.  ft.  of  heating  surface  per  hp.  of  work.  In  some  cases  the  shells  of  horiiontal  tubular 
boilers  have  been  completely  filled  with  tubes  for  this  purpose.  This  is  of  no  advantage  and  makes  the  boiler 
iiutocessible  for  inspection  and  the  added  tube  heating  surface  is  inefficient. 

In  determining  the  sixe  of  a  power  boiler,  multiply  the  B.t.u.  loss  by  1.3  and  divide  by  33,500  B.t.u.  to  obtain 
the  boiler  horsepower,  and  use  12  sq.  ft.  of  heating  surface  per  horsepower  for  small  sises  and  10  for  large. 

40.  Cast-iron  Boilers. — Cast-iron  boilers  are  built  in  sections  so  as  to  go  into  inaccessible 
places  and  through  small  passages.  This  method  of  constructon  makes  the  labor  of  erection 
and  handling  less.  They  are  built  round  and  square,  the  sections  being  connected  with  push 
nipples  or  screwed  nipples  with  headers  and  lock  nut  joints.  The  general  proportions  are  ^ 
direct  fire  surface  and  K  fiue  surface  due  to  the  draft  resistance  on  low  chimneys.  The  area  of 
grate  should  be  checked,  and  with  the  distance  to  the  center  of  the  fire  door  to  the  grate  the 
possible  fuel  charge  may  be  determined.  Where  low  chimneys  are  used,  the  boiler  selected  should 
have  as  little  flue  surface  as  possible.  Where  a  higher  chimney  is  available,  the  flue  surface  will 
be  of  advantage.  It  is  almost  impossible  to  tell  anything  about  the  ratings  and  capacities  of 
cast-iron  boilers  from  the  catalogues  as  the  heating  surface  or  the  draft  resistance  are  not  given. 
One  simply  has  to  take  the  manufacturer's  word  for  the  size  and  trust  to  experience. 

It  is  possible  by  proper  firing  on  house  heating  boilers  to  burn  soft  coal  with  little  smoke. 
If  the  fuel  is  fired  at  the  front  of  the  furnace  and  allowed  to  coke,  as  the  distilled  gases  pass  over 
the  incandescent  fuel  bed  at  the  rear,  good  results  may  be  obtained. 

The  American  Radiator  Company  and  Hart  and  Grouse  (Royal)  use  the  Hawley  down  draft  which  is  composed 
oi  an  upper  water  grate.  The  former  uses  cast  iron  and  the  latter  uses  a  grid  of  extra  heavy  wrought-iron  pipe  on 
which  the  green  fuel  is  fired.  The  upper  fire  door  is  left  open  to  supply  the  air  which  passes  down  through  the  green 
fuel  bed  to  the  bed  of  coked  coal  on  the  lower  grate.  This  lower  fire  distills  the  coal  above  and  consumes  the  gases. 
After  the  coal  is  coked  on  the  upper  grate  it  is  pushed  or  falls  to  the  lower  where  combustion  is  completed. 
These  boilers  need  greatei  intensity  of  draft  than  ordinary  types  and  the  construction  of  the  water  grate  should  be 
suoh  that  expansion  strains  are  avoided,  as  these  create  leaks. 

The  H.  B.  Smith  and  U.  S.  Radiator  Corporation  use  a  form  of  combiistion  arch  for  smokeless  boilers.  Both 
these  principles  are  well  known  and  are  efficient.  These  types  of  boilers  are  being  used  on  some  of  the  largest 
buildings  up  to  40,000  and  50,000  sq.  ft.  capacity.  The  down  draft  furnace  is  used  on  any  type  of  power  boiler 
but  stokers  and  forced  draft  are  more  usiial  for  they  give  greater  capacity  and  at  the  same  time  smokeless  oombua- 
tion. 

The  necessities  of  the  situation  demand  that  heating  boilers  under  2000  sq.  ft.  of  radiation  be  operated  under 
a  wide  range  of  load  with  long  periods  (8  to  10  hr.)  between  firings  thus  engendeting  low  flue  temperatures  and  poor 
eotnbustions.  Under  conditions  of  low  flue  temperatures,  the  fuel  distills  off  with  incomplete  combustion,  but 
with  bigher  flue  temperatures  induced  by  a  higher  oombiistion  rate,  the  ju-oducts  of  distillation  are  consumed  and 
tlMa  make  up  for  the  loss  engendered  by  the  higher  flue  temperature. 

Xb»  hil^ier  flue  temperatures  and  improyed  diaft  incrsie  the  oapadty  of  the  same  boiler  due  to  greater 
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transmieaion  rates  and  inoreaaed  velocity  of  the  gteee  Moat  boiler  manufaeturers  recommend  an  inereaae  ol 
25  to  100  %  in  the  square  feet  of  radiation  installed  when  selecting  a  boiler  by  catalogue  ratincm  asaribiiic  the  reason 
to  uncovered  mains,  etc.  For  reasons  already  given,  the  square  feet  of  radiation  should  never  be  used  for  the  detcr^ 
mination  of  the  maximum  boiler  load  although  there  is  no  objection  to  dividing  the  total  B.t.u.  load,  as  determiiied, 
by^250  B.t.u.  to  reduce  it  to  the  unit  of  rating  in  manufacturers*  catalogues. 

These  increases  should  be  made,  but  for  entirely  dVerent  reasons,  as  foUows: 

1.  The  calculations  for  heat  loss  and  radiation  are  on  a  basis  of  supplying  the  heat  only  to  keep  the  room  at 
70  deg.  F.  with  sero  or  — 10  deg.  F.  outside.  In  case  the  room  drops  to  60  deg.  F.  with  sero  weather  outside,  the 
building  loss  is  reduced  while  the  radiation  transmission  is  increased,  and  all  the  mass  of  the  building,  fumituK, 
etc.,  has  to  be  raised  to  70  deg.  F.  before  tlie  thermometer  will  register  that  temperature. 

2.  In  addition,  if  the  radiation  is  cold,  aD  iron  and  water  in  the  system  has  to  be  raised  to  the  working  tempera- 
ture, say  210  deg.  F.  A  certain  portion  of  this  heat  has  to  be  furnished  every  time  the  radiators  are  turned  <^  and 
although  not  lost,  it  is  given  out  at  such  times  as  to  be  of  little  use  for  actual  heating.  This  is  an  explanation  of  the 
excessive  fuel  when  intermittent  heating  is  practiced  on  a  large  plant. 

3.  The  time  in  which  these  losses  can  be  supplied  is  dependent  on  the  boiler  capacity.  The  larger  the  boiler, 
the  shorter  the  time,  irrespective  of  the  type  of  heating  system. 

Assume  the  data  of  a  previous  problem  with  1,230,000  B.t.u.  per  hr.,  and  5500  sq.  ft.  of  radiation, 
and  with  a  difference  of  (70  —  —10)  80  deg.  between  the  room  and  the  outside.  When  raising  a  room 
temperature,  the  rise  has  to  be  doubled,  or  if  10  deg.  rise  is  required,  the  actual  work  required  wiU  be  20  deg., 
so  the  heat  required  to  raise  it  10  deg.  or  from  60  to  70  deg.  will  be  '  ^^  o  X  1.230,000  -  310.000  B.t.u.  With  8  lb.  of 
iron  per  sq.  ft.  of  radiation,  and  0.12  as  the  specific  heat  of  iron,  the  heat  to  raise  the  iron  from  60  to  210  deg.  will  be: 

Steam  Syatettu 

(1)  Iron.  5600  X  8  Ob.)  X  0.12  X  150  (deg.)   -     702.000  B.t.u. 

20       1  ) 

(2)  Increment  10-deg.  rise  ■■  5^  "  7  I 

^  3    *  >  -  1,240,000  B.t.u. 

(3)  Normal  heat  loss  (0*-60*)  -  j        J 

(4)  Steam  (medium),  5500  X  0.025  (cu.  ft.) 

X  0.04  (spec,  vol.)  X  1000  -  5500  B.t.u. 

ToUl  «  2,037,500  B.t.u.  -  165%  of  1.240.000  B.t.u. 
Water  Sj/etem 

Items  (1).  (2),  and  (3)  -  2.032,000  B.t.u. 

(4)  Water  (medium).  5500  X  1.6  (lb.) 

XIX  150(deg.)   -  1,237.500  B.t.u. 

Total  -  3,260.500  B.t.u.  -  206%  of  1,240,000  B.t.u. 

if  it  is  to  be  accomplished  in  one  hour.  If  the  work  is  to  be  done  in  1>^  hours,  the  boiler  power  required  would  be 
66%  of  the  above  items.  As  lero  weather  occurs  seldom  and  the  building  would  probably  not  be  allowed 
to  be  cooled  to  too  low  a  temperature  at  such  times,  130  to  150  %  should  be  ample  if  the  boiler  has  the  actual  capac- 
ity represented.  It  is  possible  with  proper  chimney  and  draft  to  increase  a  boiler  capacity  to  any  reasonable 
extent. 

Boiler  tests  show  that  500  deg.  flue  temperature  and  6  to  7  sq.  ft.  of  heating  surface  per  boiler  horsepower  are 
required  for  economy  of  fuel.  For  a  low  flue  temperature  of  300  deg.  and  long  periods  between  firings,  10  or  12  sq. 
ft.  should  be  provided.  It  has  already  been  found  that  the  proper  load  is  130  %  of  B.t.u.  losses.  Assuming  the  cast- 
iron  boiler  manufacturer  has  rated  his  boiler  on  7  sq.  ft.  per  hp.  of  work,  and  10  is  needed,  we  have  an  increase  of 
143  %  in  the  rating  due  to  lack  of  heating  surfaces. 

Let  S  "■  radiation  in  square  feet  at  250  B.t.u. 

then  1.43  X  1.3  —  1.850  X  5  —  catalogue  rating  of  the  boiler  to  be  selected.  This  is  about  what  the  manufacturer 
recommends.  See  that  the  chimney  is  designed  for  boiler  selected  and  not  for  the  load.  This  is  at  best  a  guess. 
If  the  heating  surface  and  draft  pressure  (flue  temperature  and  height  of  chimney)  is  available  from  the  manu- 
facturer, the  problem  is  simplified.  Remember  these  boilers  are  tested  and  rated  with  high  flue  temperat^ares, 
good  draft  conditions  and  hard  coal  that  requires  minimum  draft  pressure  which  give  the  greatest  fuel  economy 
with  a  minimum  of  heating  surface. 

In  using  cast  iron  boilers  on  forced  hot  water,  the  static  pressure  will  limit  the  use  of  most  makes  to  40  lb. 
pressure  as  the  test  is  80  lb.  The  H.B.  Smith  Co.  makes  the  mills  water  tube  boiler  with  nearly  all  direct  surfaos, 
that  will  stand  200-Ib.  test. 

41.  Boiler  Trimmings. — All  steam  boilers  must  be  provided  with  steam  gage,  water  column 
with  water  gage  and  try  cocks,  safety  valve,  and  damper  regulator.  Water  boilers  are  provided 
with  thermometers  and  an  altitude  pressure  gage.  All  power  boilers  are  provided  with  the  same 
fittings  or  trimmings  but  of  a  different  type,  generally  two  safety  valves,  blow  off  cocks,  \o\T 
and  high  water  alarm  on  the  water  column's  and  automatic  check  and  stop  valves.  These 
latter  automatically  shut  the  boiler  off  in  case  of  a  break  in  the  steam  main.  All  trimmings, 
grates,  and  fire  tools  are  furnished  with  cast-iron  boilers. 

42.  Connecting  Two  Boilers. — In  connecting  two  or  more  boilers  in  a  battery  for  gravity 
return  heating,  they  should  be  yoked  together  with  a  large  equalizing  pipe  in  separate  steam 
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outlets  independent  of  other  connections.  The  return  should  also  be  connected  in  like  manner, 
otherwise  the  water  line  of  the  boilers  will  vary  considerably.  Equalizing  connections  outside 
of  the  boiler,  between  steam  main  and  return  main,  do  no  good  and  sometimes  harm. 

48.  Check  Valves. — Check  valves  of  swing  type  should  be  used  on  all  boiler  connections 
so  that  water  can  enter  the  boiler,  but  not  escape  in  case  of  breaks  or  carelessness  in  opening 
valves.  They  do  not,  however,  assist  circulation.  If  the  system  circulates  unequally  without 
their  introduction  they  will  not  better  conditions.  Many  steam  fitters  think  a  check  valve 
a  panacea  for  all  badly  designed  plants. 

44.  Feed  Pump. — If  the  duplex  plunger  pump  is  large  and  operated  fairly  slow  with  some 
attention  to  the  needs,  it  is  more  economical  than  the  centrifugal  pump.  It  has  this  disadvant- 
age that  when  the  valves  are  all  shut  on  the  boilers  the  pump  will  place  the  full  pressure  on  the 
feed  line  before  stopping.     An  automatic  pump  regulator  would  obviate  this. 

The  centrifugal  pump  will  place  a  certain  head  on  the  main  and  is  fool  proof.  It  also  will  fall  off  in  power  as  the 
gallons  are  reduced  due  to  curtailment  and  may  be  run  continuously  regardless  of  the  water  required.  Operated 
by  a  steam  turbine  under  back  pressure,  it  will  require  more  steam  than  the  compounds  piston  pump  with  a  due 
aou>unt    of    attention. 

46.  Equivalent  Evaporation. — As  boilers  are  operated  at  various  steam  pressures  with 
possibly  entrained  moisture,  their  performance  cannot  be  compared  by  simply  determining 
the  number  of  pounds  of  water  evaporated  by  each.  Instead,  the  performance  of  each  boiler 
must  be  reduced  to  its  "equivalent  evaporation"  from  and  at  212  deg.  and  then  the  boilers  may 
be  compared  on  this  common  basis.  The  equivalent  evaporation  from  and  at  212  deg.  is 
found  by  multiplying  the  number  of  pounds  of  water  actually  evaporated  per  hour  by  the  ''factor 
of  evaporation." 

The  factor  of  evaporation  is  equal  to  the  number  of  heat  units  actually  supplied  by  the  boiler  to  each  pound  of 
steam,  divided  by  the  latent  heat  of  one  pound  of  steam  at  atmospheric  pressure. 

Calling  q  the  quality  of  the  steam  formed  in  the  boiler,  L  the  latent  heat  of  the  steam  formed  in  the  boiler,  A 
the  hMit  of  the  liquid  of  the  steam  formed  in  the  boiler,  and  t/  the  temperature  of  the  feed  water,  then  the  factor  of 

evaporation  * 

qL  ■}-  h  -  (tr  -  32) 

070.4 

4Sa.  JlluttraHve  Problem. — A  boiler  makes  08  %  dry  steam  at  176  lb.  gage  pressure  from  feed  water  at 
115  deg. F.     What  is  the  factor  of  evaporation? 

q  -  0.08;  L  -  846.0  (from  Steam  Table);  h  -  350.4  (from  Steam  Table). 

0.08  X  846.0  +  350.4  -  (116  -  32) 
factor  of  evaporation  — g-Q  ^ —  1.131. 

The  equivalent  evaporation  per  hour  in  this  boiler  would  be  1.13/  X  weight  of  water  actually  evaporated. 

46.  Boiler  Efficiency. — Power  boilers  are  operated  at  a  wide  range  of  loads  with  a  more  or 
less  variation  in  efficiency.  The  limit  is  generally  the  point  where  the  gases  are  not  carried 
off  fast  enough  and  the  brick  work  of  the  furnace  commences  to  give  way.  This  may  be  as  high 
as  300  %  of  the  rating,  dependent  on  the  arrangement  of  the  combustion  system. 

The  efficienty  of  any  boiler  is  the  ratio  of  the  heat  absorbed  by  the  water  and  steam  in  the  boiler  per  pound  of 
dry  fuel  to  the  actual  heat  value  of  one  poimd  of  the  ooal.     This  is  the  combined  efficiency  of  the  boiler  and  furnace. 

47.  Shipping  and  Erection. — The  Babcock,  Hornsby,  and  Stirling  boilers  are  generally 
shipped  in  sections,  the  parts  being  erected  on  the  job  by  rolling  the  tubes  and  nipples  into  the 
forgings  and  drums.  The  Heine  type,  Cahall,  and  return  tubular  boilers  are  generally  shipped 
in  one  piece,  assembled,  none  of  the  parts  requiring  riveting  on  the  job.  This  may  have  an 
important  bearing  on  the  selection  of  a  type  where  space  for  entrance  into  a  building  has  to  be 
provided.  Straight  tubes  that  can  be  easily  inspected  and  replaced  are  an  important  feature. 
Evaporation  tests  of  high  efficiency  are  not  always  to  be  taken  as  conclusive  as  they  largely  de- 
pend on  skill  of  operation.  For  industrial  plants  the  boiler  that  can  be  kept  clean  easily  will 
probably  give  the  best  results  in  the  long  run. 

48.  Fuel. — Since  hard  coal  is  used  in  most  heating  boilers,  cast-iron  boilers  are  rated  and 
tested  with  hard  coal  as  fuel,  but  due  to  the  scarcity  and  expense  of  hard  coal  in  many  locaUties 
soft  coal  is  coming  more  and  more  into  use,  and  allowances  should  be  made  for  its  use. 

3240  lb.  good  Lehigh  coal  will  occupy  about  41  cu.  ft.  of  space.  For  a  ton  of  2000  lb..  Lump  will  require  28.8 
MO.  ft..  Broken  30.3  cu.  ft.,  Egg  and  stove  30.8  ou.  ft..  Chestnut  82.8  cu.  ft.,  and  Pea  32.8  ou.  ft. 
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Spontaneoiia  combuation  is  brought  about  by  the  slow  oxidation  in  an  air  aupply  which  is  insufficient  to  carry 
away  the  heat  formed  or  to  support  combustion.  Mixed  lump  and  fine  run  of  mine,  with  a  Urge  percentage  of  dust, 
piled  80  as  to  admit  to  the  interior  a  limited  supply  of  air,  make  ideal  conditions  for  spontaneous  combustion.  Hiylf 
volatile  matter  of  itself  does  not  increase  this  liability  to  spontaneous  heating.  Freshly  mined  coal  and  freeh  sur- 
faces exposed  by  crushing  lump  coal,  exhibit  a  marked  avidity  for  oxygen. 

49.  Recominendations  for  Storing  and  Piling  Coal. — (1)  Do  not  pile  over  12  ft.  deep  or  so 
any  point  in  the  interior  will  be  over  10  ft.  from  an  air  cooled  surface. 

(2)  Keep  dust  out  as  much  as  possible. 

(3)  Pile  so  that  lump  and  fine  are  distributed  as  evenly  as  possible,  not  allowing  the  lumps 
to  roll  down  from  the  peak  and  form  air  passages  at  the  bottom. 

(4)  Rehandle  and  screen  after  two  months. 

(5)  Keep  away  external  sources  of  heat,  even  though  moderate  in  degree. 

(6)  Allow  six  weeks  seasoning  after  mining  before  storing. 

(7)  Avoid  alternate  wetting  and  drying. 

(8)  Avoid  admission  of  air  to  the  interior  of  the  pipe  through  interstices  around  foreign 
objects,  such  as  timber,  brick  work,  or  porous  bottoms. 

(9)  Do  not  try  to  ventilate  the  interior  by  pipes  as  more  harm  than  good  is  often  done. 

60.  Fuel  Consumption. — Methods  of  estimating  fuel  consumption  may  be  based  on  grate  * 
areas,  square  feet  of  radiation  installed,  or  cubic  contents  of  buildings.     The  U.  S.  Treasury 
Department  estimates  5  tons  per  sq.  ft.  of  grate  per  season  of  240  days,  or  1  lb.  of  coal  per  cu. 
ft.  of  building  contents  for  the  same  period.     District  heating  companies  estimate  500  lb.  of  steam 
per  sq.  ft.  of  direct  steam  radiation  per  season  or  practically  70  lb.  of  coal  of  good  quality. 

60a.  Combustion. — Combustion,  as  the  term  is  used  in  steam  engineering,  is 
the  rapid  chemical  comb::;iation  of  oxygen  with  the  carbon,  hydrogen,  and  sulphur  composing 
the  various  fuels.  This  combination  takes  place  at  high  temperatures  with  the  evolution  of 
light  and  heat.  It  is  necessary  to  provide  for  an  excess  of  air  of  from  50  to  100  %  when  burning 
coal,  due  to  the  inert  nitrogen,  of  from  18  to  24  lb.  of  air  per  pound  of  coal.  Less  air  results  in 
imperfect  combustion  and  the  formation  of  carbon  monoxide,  Co. 

Table  32. — Allowable  Rates  Of  Combustion  On  Hand  Fired  Boilers  With 

Natural  Draft 

Grate  areas  Lb.  of  coal  per  sq.  ft.  grate  per  hr. 

6  sq.  ft.  or  less — small 5 

6  to  10  sq.  ft. — medium 8.7 

10  sq.  ft.  or  larger 6 . 6  to  10 

10  to  18  sq.  ft 6  to  10 

20  to  30  sq.  ft 10  to  15 

With  stokers  and  forced  draft,  sufficient  coal  may  be  burned  to  operate  boilers  200  to  300  %  of  rated  capadty 
and  with  a  combusion  rate  as  high  as  50  lb.  per  sq.  ft.  of  grate  per  hr. 

61.  Smoke. — Visible  smoke  is  composed  chiefly  of  small  particles  of  carbon.  The  actual 
carbon  in  dense  smoke  amounts  to  about  1  %  of  the  carbon  in  the  fuel.  The  accompan3dng  loss 
is  due  more  to  combustible  gases  which  may  amount  from  3  to  10  %.  High  CO  and  smoke  in 
the  stack  gases  represent  high  losses,  not  so  much  in  themselves  as  in  the  indication  of  unbumed 
hydro-carbons. 

Some  of  the  causes  of  smoke  are:  (1)  The  furnaces  and  the  grates  are  not  properly  designed  to  bum  the  amount 
of  fuel  fired.  There  is  no  equipment  on  the  market  that  will  burn  equally  well  all  coals  found  in  the  United  States. 
(2)  Draft  too  small.  (3)  Unskilled  firemen.  (4)  Combustion  space  too  small.  (5)  Wood,  paper,  and  other  refuse 
burned.  (6)  Sudden  space  in  the  load.  (7)  Excessive  loads  maintained.  (8)  Failure  of  gases  and  air  to  mix.  (0) 
Low  temperature  in  furnace. 

If  the  boiler  setting  is  tight  and  the  flue  gases  contain  no  more  than  12  %  COs,  there  is  an  abundance  of  air. 
If  the  furnace  is  white  hot,  there  is  sufficient  temperature.  If  there  is  an  abundance  of  air,  with  CO  in  the  gases, 
insufficient  mixture  is  the  trouble.  Too  small  combiistion  space  is  probably  the  most  common  of  all  causes  of  smoke. 
The  grate  must  be  at  such  a  distance  below  the  heating  surface  that  the  flame  will  be  burned  out  before  it  reaches 
the  heating  surface. 

The  following  measures  will  assist  in  preventing  smoke: 

1.  The  coal  should  be  supplied  in  small  quantities  and  at  frequent  intervals. 

2.  The  air  supply  should  be  slightly  in  exoMs  of  the  theoretical  requirements  as  an  auxiliary  supply  at  the  front 
or  rear  of  the  furnace  to  bum  the 
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S.  Steun  jMa  unully  i^uad  kbon  tlu  fin  door  am  luad  to  aaiit  io  miiiiic  the  air  and  ttatm.  The  bat 
had  ii  to  adniit  air  thnuib  arDall  opsruDgi  armiod  tba  jet  wbiefa  aota  aa  an  injector.  If  allowed  to  run  ooatinouilr, 
I  operation  eatU  more  than  tJ»  value  o[  the  noal  aaved. 

0.  Proper  firinf   methoda. 

7.  By  uw  of  down  draft  boJen  and  Btokna. 

BS.  Chimneys. — Chimneya  are  for  two  purposes:  (1)  to  carry  off  obnoxiouB  gases,  and 
to  produce  drait  and  eo  funush  power  to  draw  air  into  the  furnace  to  properly  support  com- 
ition.    The  first  requires  area  of  croas  Bection  and  the  second,  height. 

Each  pound  of  coal  burned  yields  from  13  to  30  lb.  of  gas,  the  volume  of  which  varies  with 
•  temperature.  The  weight  of  gas  to  be  carried  off  by  the  chimney  ia  a  given  time  depends 
three  things:  (1)  effective  area  of  chimney  and  velocity  of  flow;  (2)  the  density  of  the  gas; 
i  (3)  the  friction  offered  by  the  pssaage  of  the  gases.  The  denuty  decreases  directly  as  the 
Mlute  temperature  and  the  velocity  incTeases  with  a  given  height  in  proportion  to  the  square 
it  of  the  temperature.  It  follows  that  there  is  a  temperature  at  which  the  weight  of  gas  is  a 
kximum.  This  is  about  550  deg.  above  the  surrounding  air.  Thisquantity  isonlyabout  4% 
later  than  at  300  deg.  temperature. 

Tbeinteonty  of  draft  ig  independent  of  the  area  of  the  cbimae;  and  dependi  entirely  on  tl 

~  To  find  the  manmuni  draft  wi[h  &50  dB(.  diRt^rcnce  between  the  ouUide  ud  inside  K 
haght  in  feet  above  the  (rate  by  0.007  azid  the  product  will  be  the  draft  io  iochea  of  water. 

S3.  Cbimneys  for  Power  Plants. — The  effective  area  of  a  chimney  is  different  from  the 
tual  area  due  to  friction  of  the  walls.  For  preliminary  work,  Table  33  may  be  used  for  ap- 
jzimation.     This  table  is  based  on  the  use  of  5  lb.  coal  per  horsepower  per  hour. 


I  ditfennee  in  weight 
uperature,  multiply 
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34.76 

38-4S 

» 

1344 

H 

'.['. 

isa7 

IBIO 

1720 

1878 

2027 

48,01 

103 

..-. 

2133 

2461 

90 

S3, 33 

68,76 

114 

... 

3450 

2087 

2903 

3003 

101 

86,83 

63,62 
70.88 

130 

3452 

108 

73,22 

78.54 

112 

81-00 

se,so 

133 

3«4i 

3B3; 

96.03 

US 

4608 

87,76 

ioa.88 

144 

_ 

F 

43S7 

4707 

6031 

127 

108,72 

113.10 
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The  following  diflcussion  and  methods  were  published  in  the  Heating  and  Ventib.ting 
Magazine,  March  and  April,  1917. 

The  most  common  error  mAde  in  retard  to  ehimneyi  it  th*t  of  not  duitingniahfag  between  the  rise  (whleh  gOTeriM 
the  vdume  of  smoke  they  can  handle)  and  the  heisfat  (which  determines  tiie  intensity  of  the  draft).  A  ehimaey 
may  be  hiffh  enough  yet  with  an  area  too  small  to  do  the  work  required.  On  the  other  hand,  it  may  be  tatgt  enoo^ 
but  too  low  to  produce  a  draft  otiiu  strength  required  to  pull  the  air  through  the  fire  and  up  the  chimney  at  a  suffi- 
ciently rapid  rate.  Either  fault,  (Mr  a  combination  of  both,  will  result  in  unsatisfactory  service  and  will  require 
remedying. 

Chimneys  have  to  overcome  their  own  losses  consisting  of  the  friction  of  the  gases  rubbing  against  the  sides  in 
their  upward  passage.  For  this  reason,  a  circular  shaped  flue  is  most  desirable;  the  next,  square;  and  after  that 
oblong  with  the  long  side  not  more  than  double  the  length  of  the  short  side. 

The  most  efficient  chimney,  as  far  as  draft  is  concerned,  is  one  built  perfectly  straight  from  the  bottom  up, 
round  (or  nearly  round)  in  the  shape  of  the  interior  flue,  and  lined  with  tile,  or  with  the  interior  surface  made  as 
smooth  as  possible  by  other  means.  There  is  no  advantage  in  tapering  the  inside  of  a  chimney  to  a  smaller  sise 
toward  the  top  for  it  only  retards  the  flow  of  the  gases. 

Steel  is  most  efficient  but  unless  well  painted  is  apt  to  deteriorate  from  corrosion  after  a  very  few  years,  es- 
pecially on  heating  plants  when  inoperative  in  summer.  Radial  brick  chimneys  are  becoming  quite  oommon. 
Reinforced  concrete  is  also  used. 

A  square  chimney  can  hardly  be  figured  as  having  its  full  area  efFective,  a  deduction  of  10  to  15  %  being  neces> 
sary  on  account  of  the  spiral  movement  of  the  gases  leaving  the  comers  dead  and  inactive.  With  an  oblong  nhmp^ 
the  effect  is  more  pronoimoed,  a  deduction  of  25  %  being  none  too  much.  The  use  of  tile  flues  will  not  only  aid  this 
slightly  owing  to  their  rounded  comers,  but  will  also  safeguard  much  of  the  fire  risk  due  to  mortar  falling  out 
between  the  bricks  as  time  passes,  and  leaving  openings  through  which  a  spark  might  pass.  As  the  tOe  serves 
to  retain  the  gases  and  smoke,  it  also  prevents  leakage  which  can  spoil  a  chimney  action  at  any  time  no  matter  how 
perfectly  the  flue  may  otherwise  be  built. 


Table  34. — Draft  Loss  in  Fire 
(In.  of  water) 


Fuel 

Pounds  of  coal  per  square  foot  per  hour  burned 

on  grates 

5 

10 

15 

20          25 

1.24 

0.68      1.00 

30 

35 

40 

45 

Anthradte, 

No.  8  buck 

No.  1  buck 

0.15 
0.10 
0.06 

0.05 
0.04 
0.04 
0.04 
0.05 

0.40 
0.24 
0.16 

0.10 
0.09 
0.07 
0.05 
0.12 

0.75 
0.44 
0.30 

0.18 
0.15 
0.10 
0.08 
0.15 

0.90 

0.45 
0.38 
0.27 
0.16 
0.44 

1.20 

0.58 
0.45 
0.34 
0.20 
0.57 

0.70 
0.55 
0.40 
0.25 
0.75 

0.78 
0.60 
0.50 
0.32 
0.94 

Pea 

0.45 

0.26 
0.22 
0.15 
0.10 
0.23 

0.65 

0.35 
0.28 
0.20 
0.14 
0.31 

Bituminous. 

8emi  bitumif  o^is , , 

Penn.  Ala.  111.  A  Ind 

SUick 

Run  of  mine , , 

On  chain  irrat^^. .  .  t  ,  -  r  -    , 

• 

For  ordinary  installations  the  burning  of  5  lb.  of  coal  per  horsepower  is  usually  assumed.  The  m^»{minn 
number  of  poimds  of  coal  which  a  boiler  must  consume  divided  by  the  grate  area  in  square  feet  will  give  the  number 
of  pounds  of  coal  burned  per  square  foot  of  grate. 

The  draft  losses  in  boilers  run  about  as  follows: 


Type  of  boiler 

Per  cent,  of  nominal  rating  developed 

1 
100                                   150                   ! 

200 

Loss  in  inches  of  water 

Water  tube 

0.25 

0.40 

0.70 
0.45 
0.20 

• 

H.  R.  T 

0.20 
0.10 

0.30 
0.15 

Vertical 
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As  hf>»t.ing  boilen  are  aoldoni  ran  at  any  orerload,  0.25  or  0.30  may  be  taken  as  covering  the  draft  loea  in  any 
idi  boiler. 

Eeonomiaen  add  0.30  in.  to  the  draft  Ices. 

Draft  loaeee  fox  bends  and  smoke  breeching  are: 

Steel  flues  per  100  ft.  run.  0.10  in.;  for  each  00  deg.  bend.  0.05  in. 

Concrete  per  100  ft.  run,  0.20  in.;  for  each  00  deg.  bend,  0.10  in. 

NcU. —  Include  every  bend  from  the  boiler  uptake  to  the  stack,  counting  the  turn  upward  in  the  stack  as  one 
^nd. 

54.  Operation  of  Determining  Size  of  Chimneys  for  Power. — (1)  Determine  the  maximum 
umber  of  pounds  of  fuel  to  be  burned  and  pounds  of  gas  required  per  second  from  the  follow- 
]|C  table  which  is  based  on  18  lb.  of  gas  per  hr.  per  pound  of  coal. 

Required  Pounds  of  Goal  and  Air  for  Horsepowers  at  Various  Efficiencies 

(Pounds  of  coal  per  boiler  horsepower  developed) 


Total 
pounds 

4 

4H 

5 

5H 

6 

6H 

7 

Pounds 
of  gas  per 

of 
coal 

Horsepower  developed 

second 

1.000 

250 

222 

200 

182 

167 

154 

143 

6.0 

1,500 

375 

333 

300 

273 

250 

231 

214 

7.6 

2.000 

500 

444 

400 

363 

333 

308 

286 

10.0 

2.500 

625 

555 

500 

466 

416 

385 

357 

12.5 

3.000 

750 

667 

600 

545 

500 

461 

429 

15.0 

4.000 

1.000 

889 

800 

727 

667 

615 

571 

20.0 

5.000 

1,250 

1.111 

1.000 

900 

833 

769 

714 

25.0 

7,500 

1.875 

1,667 

1.500 

1.364 

1,250 

1,154 

1,071 

38.0 

10.000 

2.500 

2.222 

2,000 

1,818 

1.667 

1.538 

1,429 

60.0 

(2)  Increase  the  volume  due  to  the  altitude  of  the  plant  by  the  percentage  in  the  accom- 
anying  table  corresponding  to  that  altitude. 

Air  at  higher  elevation  than  sea  level  expands  and  requires  a  chimney  of  larger  area  to 
andle  the  same  number  of  pounds  at  the  same  velocity  and  friction  loss.  The  table  below  gives 
lie  percentage  of  increase  for  various  heights  up  to  10,000  ft.  above  sea  level. 

Factors  of  Air  at  Various  Elevations 


Elevations  above 

sea  level 

(feet) 

Air  pressure 
Ob.  per  sq.  in.) 

Cubic  feet 
per  pound 

Increase  in  volume 
(per  cent.) 

14.7 

13.33 

0.000 

1.000 

14.2 

13.80 

0.034 

2,000 

13.7 

14.31 

0.073 

3.000 

13.2 

14.84 

0.113 

4.000 

12.7 

15.43 

0.158 

5.000 

12.2 

16.07 

0.203 

6.000 

11.7 

16.75 

0.257 

8.000 

10.7 

18.31 

0.373 

10,000 

9.7 

20.20 

0.614 

(3)  From  Art.  53  determine  the  friction  of  fuel  bed,  breeching,  and  all  other  resistances  in 
Dches  of  water  and  add  0.2  in.  for  chimney  loss  and  0.1  in.  for  safety.  This  will  be  the  re- 
[uired  theoretical  draft  in  inches  of  water. 

(4)  From  Diagram  10  determine  the  proper  height  of  chimney  to  produce  the  necessary 
Iraft  to  overcome  the  summation  of  resistances  using  the  line  of  proper  elevation. 
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(5)  We  hftTe  the  height  and  pounds  of  gaa,  and  we  can  read  the  aiie  of  chimney  direct  from 
Diagram  11,  Bteel  atacke,  or  Diagram  12,  for  brick  or  brick  lined  stacks.  Modify  the  height 
found  by  0.2  in.  per  100  ft.  or  0.3  in.  per  160  ft.  for  stack  lossea. 

(6)  Check  all  results  so  that  the  factors  are  correct  and  the  draft  sufficient  to  overooma 
all  losses. 

60.  Residence  Chimneys. — Chimneys  for  residences  should  be  of  ample  sise,  never  under 
40  ft.  high  nor  leas  than  10  X  10  in.     They  should  be  lined  with  tile  for  the  best  results.     Wheie 

Stocks  " 

Tt-AisA^  ftntofzifirr  athi^  0'*459l 
ft  -AtaiUt  sItS  Iwmfvatan  SXfr41B6' 

tr  ni!tt,fiTwbrd,andgnittten^Ke/ie'mjtrr_iftfvJ  _ 


Height  of  stock  in  -fie^ 


"™ 
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.IM       .EK         .900       UXI        EXD 

of  wote-  per  100  ft  o'  freight 

the  chimney  iB  too  small  or  has  many  bends,  adding  radiation  or  boiler  capacity  will  be  of  little 
avail.  Where  it  is  impossible  to  obtain  the  height,  aboilerahouldbeprovided  having  only  direct 
heating  surface  and  a  minimum  of  flue  travel,  Jn  case  the  chimney  is  efficient,  the  boiler  can  be 
forced  and  pressure  or  temperature  raised  and  the  system  made  to  work.  The  chimney  is 
absolutely  vital  and  should  be  given  first  consideration. 

When  square  or  rectangular  chimneys  are  desiKned  for  fireplaces  which  bum  wood  or 
bituminous  coal,  they  are  usually  made  with  an  area  of  10  to  12  %  of  the  fireplace  openii^ 
while  with  round  flues  the  area  may  be  reduced  to  8  %.    For  anthracite  coal  the  rectangular  or 
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iquare  flue  muf  be  reduced  to  8%  uid  the  rouBd  flue  to  S%.    Ordinary  stoves  are  readily 
served  with  an  8  X  S-in.  flue,  provided  no  other  oonnectiona  are  made  to  the  stock. 

All  chimney  walla  should  be  8  in.  thick  to  avoid  danger  of  fire  from  sparks  working  through 
the  iointa.  The  building  laws  in  some  cities  demand  not  only  S-in.  walls  but  tile  linings  as 
well. 
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The  height  of  residence  chimneys  is  the  most  important  element  in  the  house  heating  prob- 
lem and  more  failures  are  due  to  chimney  faults  than  to  any  other  cause,  inasmuch  as  a-high 
flue  is  difficult  to  obtain  due  to  the  low  heights  of  buildings. 

Disfcram  13  tcives  the  available  net  draft  less  friction.fordifTcrenttieigtits  and  flue  tempera- 
tures. Tablc35);ives  the  capacity  in  pounds  of  coal perbour,squarefeet  of  standard  radiation, 
and  horsepowerof  work  for  different  aiiesof  commercial  flue  tile  when  used  as  chimney  linings. 
If  the  flue  temperature  and  height  is  known  and  the  draft  prewure  determined  in  inches  tA 
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water,  all  that  remaiDS  is  to  select  a  type  of  boiler  that  will  furnish  the  required  capacity  with 
that  available  draft  rather  than  from  the  catalogue  ratings.  The  boiler  manufacturer  will 
have  to  be  consulted  in  cases  where  this  determination  is  desirable.  The  table  is  made  out  for  a 
flue  temperature  of  400  deg.  and  10  %  capacity  must  be  deducted  for  300-deg.  flue  temperature. 
In  larger  plants,  the  buildings  are  higher  and  the  chimney  height  as  a  rule  solves  itself  and  all 
that  is  necessary  is  to  determine  the  proper  cross  section. 

The  following  formula  was  deducted  by  the  American  Radiator  Company  in  the  Ideal 
Heating  Journal,  July  1914,  and  is  supposed  to  be  the  latest  data  for  house  heating  chimneys 
by  the  very  ablest  engineers. 

Table  35. — Gapacitt  of  Commercial  Tilb  When  Used  as  Chimney  Linings  (Temp,  of 

gas  400  deg.)  25  cu.  ft.  gas  per  lb.  of  fuel 

(See  chart  for  pressure  in  inches  of  water) 


Commercial 
size  of 

tile 
(inches) 


Thick- 
ness 
(inches) 


Peri- 
meter 
(inches) 


Area 
(sq.  in.) 


>/0.1  (area)* 


(PerimeterX  i 
in  inches  | 
X  3.73    / 


6 

Pounds 
coal  per 

hour 
/col.  4\ 

Uol.  b) 


Htwse- 
power 

34H  lb. 
steam, 

6  lb.  coal 


8 
Square  feet 

standard 
direct  radia- 
tion 0.26  lb. 
per    sq.     ft 
col.  7  X  138 


Outside 
measurement 
BH  X  8H 
%H  X  13 
8H  X  18 
13  X  13 
13  X  18 
18  X  18 

Inside  diameter 
(round) 

8 
0 
10 
12 
16 
18 
20 
22 
24 
27 
30 
33 
36 


K 

24.0 

36.0 

K 

36.0 

71.0 

K 

45.0 

104.0 

1 

48.0 

144.0 

1 

64.0 

176.0 

1 

64.0 

• 

256.0 

K 

25.13 

60.3 

»H6 

28.27 

63.6 

H 

31.44 

78.54 

1 

37.7 

113.1 

IH 

47.12 

176.7 

IK 

66.55 

254.5 

IH 

62.83 

314.16 

IH 

69.12 

380.0 

IH 

75.4 

452.4 

2 

84.8 

572.6 

2H 

91.25 

706.8 

2H 

103.7 

855.3 

2H 

113.1 

1017.9 

68.0 
189.0 
336.0 
646.0 
738.0 
1,296.0 


113.0 

160.5 

220.0 

380.0 

744.0 

1.284.0 

1,758.0 

2,342.0 

3,030.0 

4.340.0 

6,940.0 

7,906.0 

10,270.0 


9.46 
11.4 
13.0 
13.4 
14.2 
15.45 


9.64 
10.26 
10.77 
11.85 
13.25 
14.52 
15.29 
16.05 
16.76 
17.77 
18.44 
19.66 
20.53 


7.2 

1.44 

16.6 

3.32 

25.8 

6.16 

48.2 

9.64 

52.0 

10.4 

83.8 

16.76 

11.7 

2.34 

15.7 

3.14 

20.4 

4.1 

32.07 

6.41 

56.2 

11.24 

88.4 

17.7 

115.0 

23.0 

146.0 

29.2 

181.0 

36.2 

244.0 

48.8 

322.1 

64.4 

402.0 

80.4 

500.0 

100.0 

108.7 

468.2 

712.2 

1330. 0 

1.436.2 

2,313.0 


323.0 
433.3 
666.0 
886.0 

1.661.0 

2.443 

3.174 

4,030 

4.996 

6.734 

8,888 
11,096 


0 
0 
0 
0 
0 
0 
0 


13.800.0 


Reduce  capacity  10  %  for  300  deg.  stack  temperature. 

Draft  in  inches  of  water  per  100-ft.  height,  300-deg.  stack  temperature,  0.435  in. 

Draft  in  inches  of  water  per  100-ft.  height,  400-deg.  stack  temperature,  0.550  in. 


H  =  height  of  chimney. 

da  =  draft  pressure  in  inches  of  water  to  overcome  resistance  of  flue,  furnace,  stack,  and 

produce  velocity. 
P  =  perimeter  of  flue. 
a  —  area  of  flue  in  square  inches. 
C  =  coal  per  hour. 
For  400-deg.  stack  temperature 

^  _  3.73PC'  (1) 


H  = 
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For  300-deg.  temperature 


H 


20ed. 


1  - 


4.14PC* 


(2) 


K  10  %  is  allowed  for  stack  friction,  for  40(Meg.  temperature,  the  last  term  of  the  denominator 
will  equal  0.1,  and  solving  for  C  we  have 

For  300-deg.  temperature 

C 


37.3P 


(8) 


4 


(4) 


41.4P 

Knowing  the  draft  in  inches  of  water,  the  height  of  stack  will  be,  with  10  %  for  friction 

H  —  182.2da  for  400-deg.  temperature. 
H  »  2aOdi  for  300-deg.  temperature. 
du  »  0.00435^  for  300-deg.  temperature. 
dm  «  0.0055^  for  400^eg.  temperature. 

Most  manufacturers  give  the  size  and  height  of  chimney  necessary  for  each  boiler.  Down 
draft  boilers  and  some  sectional  boilers  require  a  more  intense  draft  than  others,  especially  the 
round  boilers. 

66a.  Recommended  Height  and  Size  of  Chimney. — ^The  ordinary  residence 
usually  employs  a  chimney  between  25  and  60  ft.  high,  the  area  being  proportional  to  the  sise 
of  the  house.  It  is  possible  to  burn  No.  1  buckwheat  coal  with  a  chimney  55  ft.  high  if  the  fire 
bed  is  not  made  too  thick.  Down  draft  boilers  should  have  chimneys  at  least  60  ft.  high  to 
operate  successfully. 

Having  a  chimney  built  upon  desirable  lines  as  far  as  draft  is  concerned,  it  may,  of  course, 
still  be  too  small,  and  in  this  connection  it  might  be  said  that  no  flue  should  be  made  less  than 
10-in.  diameter  or  10  X  10  in.  square.  Table  36  is  by  Prof.  Carpenter,  giving  data  on  heights 
and  areas  of  house  heating  chimneys  with  the  approximate  cubic  contents  heated,  for  prelim- 
inary work  or  estimates. 

Table  36. — Prof.  Carpbnt&r's  Standard  Tablb  of  Chimnbt  Dimensions 


ApprozimAte 

Height  of  chimney  flue  (feet) 

cubic  contents 
of  building 

Standmrd  square 
feet  of  radiation 

Diameter  of  chimney  flue  (inches) 

(gro«i) 

30  ft. 

40  ft. 

50  ft. 

60  ft. 

80  ft. 

12.500 

250 

7.0 

6.7 

6.4 

6.2 

6.0 

20.000 

5C0 

9.2 

8.8 

8.2 

8.0 

6.6 

45.000 

750 

10.8 

10.2 

9.6 

9.3 

8.8 

60.000 

1.000 

12.0 

11.4 

10.8 

10.6 

10.0 

90.000 

1.500 

14.4 

13.4 

12.8 

12.4 

11.6 

140.000 

2.000 

16.3 

16  2 

14.6 

14.0 

13.2 

240.000 

3.000 

18.6 

18.2 

17.2 

16.6 

15.8 

320.000 

4.000 

22.2 

20.8 

19.6 

19.0 

17.8 

400.000 

5.000 

24.6 

23.0 

21.6 

21.0 

19.4 

480.000 

6.000 

26.8 

25.0 

23  4 

22.8 

21.0 

660.000 

7,000 

28.8 

27.0 

26.6 

24.4 

23.0 

640.000 

8.000 

30.6 

28.6 

26.8 

26  0 

24.2 

810.000 

9.000 

32.4 

30.4 

28.4 

27.4 

26.6 

900.000 

10,000 

34.0 

32.0 

30.0 

28.6 

27.0 

The  chimney  top  should  run  above  the  highest  part  of  the  roof  and  should  not  be  leas  than 
40  ft.  above  the  boiler  in  height  or  less  than  10  X  lO^in.  on  the  outside.  It  should  be  so  located 
with  reference  to  any  higher  buildings  nearby  that  wind  currents  will  not  form  eddies  and 
force  the  air  downward  in  the  flue.  A  shifting  cowl,  which  will  always  turn  the  outlet  away 
from  the  adverse  currentS|  will  promote  better  draft. 
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The  flue  should  run  as  nearly  straight  as  possible  from  the  base  to  the  top  outlet.  The  out- 
let must  not  be  capped  so  that  its  area  is  less  then  the  area  of  the  flue.  The  flue  should  have 
no  other  openings  into  it  except  the  boiler  smoke  pipe.  Sharp  bends  and  offsets  in  the  flue 
will  often  reduce  the  area  and  choke  the  draft.  The  flue  must  be  free  of  any  feature  which 
prevents  full  areas  for  the  passage  of  smoke.  It  should  be  lined  with  tile  and  the  joints  well 
cemented  or  all  space  between  the  tile  and  brick  work  filled  in  tightly.  There  must  be  no  open 
crevices  into  the  flue  where  the  sections  meet,  otherwise  the  draft  will  be  checked.  If  the  flue 
is  made  of  brick,  the  chimney  should  have  outside  walls  at  least  8  in.  thick  to  insure  safety. 
The  inside  joints  should  be  well  struck;  each  course  should  be  well  bedded  and  free  from  sur- 
plus mortar  at  the  joints.  However,  all  such  chimneys  should  be  tile  lined  rather  than  to  take 
chances  on  the  operating  results  of  the  whole  heating  system. 

If  there  is  a  soot  pocket  in  the  chimney  below  the  smoke  pipe  opening,  the  clean  out  door  of 
same  should  always  be  tightly  closed.  If  this  chimney  flue  has  other  openings  into  it — ^from 
fireplaces  or  other  connections — ^these  openings  will  check  the  draft  and  prevent  best  heating 
results  from  the  boiler  and  should  be  eliminated. 

The  smoke  pipe  should  not  extend  into  the  flue  beyond  the  inside  surface;  otherwise,  the 
end  of  the  pipe  cuts  down  the  area  of  the  flue.  The  joints,  where  the  smoke  pipe  fits  the  smoke 
hood  of  the  boiler,  should  be  made  tight  with  putty  or  asbestos  cement,  and  asbestos  cement 
should  be  used  to  seal  the  joint  between  smoke  pipe  and  chimney  opening.  For  the  best  results, 
place  the  chimney  within  the  building  where  it  is  warm  rather  than  outside  where  it  is  cold. 

66.  Induced  and  Forced  Draft. — In  nearly  all  power  plants,  stokers  have  taken  the  place 
of  hand  firing  where  there  are  more  than  300  to  500  hp.  and  in  some  cases  smaller  plants  are  so 
equipped.  Induced  draft  and  forced  draft  are  both  used  as  a  rule.  The  former  is  supplied 
by  the  chimney  and  the  latter  by  blowers.  The  chimney  is  then  only  required  to  supply  power 
to  remove  the  gases  after  combustion. 

In  a  well  de&igned  plant  these  two  methods  of  producing  draft  are  arranged  so  as  to  main- 
tain a  certain  constant  balance  sufl^cient  to  supply  the  fuel  bed  with  just  the  correct  amount  of 
air.  The  fan  supplies  the  air  with  proper  variation  in  pressure  and  volume  by  means  of  speed 
regulators.  In  large  plants  of  this  character,  the  kind  of  fuel  and  variation  in  load  enter  into 
the  problem.  Special  experience  is  necessary  in  designing  such  systems,  and  stoker  and  fan 
manufacturers  are  always  ready  to  assist  with  expert  advice.  The  pressures  and  volume  of 
air  are  calculated  the  same  as  for  chimneys,  only  the  power  is  applied  in  such  manner  that  the 
circulation  is  independent  at  all  times  of  the  temperature. 

67.  Economizers. — Economizers  consist  of  a  series  of  vertical  cast-iron  tubes  placed  in 
the  flue  between  the  boiler  and  chimney  through  which  the  feed  water  passes  and  absorbs  the 
heat  of  the  flue  gases  above  the  actual  temperature  requirements  for  draft  of  say  350  to  400 
deg.  F.  The  tubes  are  provided  with  mechanical  scrapers  to  keep  them  from  being  fouled 
with  soot.  Economizers  require  by-passes  for  both  the  gases  and  feed  water.  They  are  very 
heavy  and  cost  per  horsepower  nearly  as  much  as  the  boilers.  By  arranging  the  flow  of  the 
flue  gas  and  water  on  the  counter-current  principle,  the  water  can  be  heated  to  the  final 
temperature  of  the  gas  in  a  properly  designed  system. 

Where  very  high  steam  pressures  have  been  carried,  cast-iron  tubes  have  been  known  to 
fail.  Improvements  in  combustion  apparatus,  however,  have  considerably  reduced  the  avail- 
able waste  in  heat.  There  is  undoubtedly  about  10  %  saving  in  the  use  of  this  apparatus,  as  the 
feed  water  can  be  heated  to  over  300  deg.  F.  with  waste  products.  Economizers  also  take  care 
of  the  unavoidable  waste  in  flue  temperature  where  great  overloads  are  carried.  By  placing 
the  feed  water  pump  between  the  economizer  and  boiler,  the  excessive  boiler  pressure  on  the 
economizer  is  avoided  and  all  danger  is  obviated. 

Economizers  are  used  in  connection  with  hot  water  forced  circulation  heating  systems  in 
conserving  the  waste  heat  of  chimney  gases,  brass  furnaces,  etc.  There  is  no  increase  in  economy 
over  heating  the  feed  water  as  it  is  merely  diverting  this  source  of  heat  from  one  purpose  to 
another.  They  cannot  as  a  rule  be  installed  as  a  portion  of  the  heating  equipment  solely  and 
show  a  commercial  saving  on  the  investment  due  to  the  comparatively  short  duration  of  the 
beating  season. 
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08.  Mechanical  Stokers. — It  is  acknowledged,  except  in  the  case  of  the  smallest  units 
under  300  hp.,  that  for  all  plants,  mechanical  stokers  and  coal  and  ash  handling  machinery 
are  absolutely  necessary  to  reduce  labor  costs,  eliminate  smoke,  and  burn  the  fuel  at  rates  cover- 
ing a  wide  range  of  loads  as  well  as  to  conserve  equipment  and  reduce  fuel  charges. 

For  the  selection  of  a  stoker,  the  fuels  should  be  classified  as  follows:  (1)  Coking  and  non- 
coking  coals,  (2)  clinkenng  and  non-clinkering  coals,  and  (3)  high  and  low  ash  coals. 

A  stoker  should  embody  the  following  functions: 

1.  Feed  the  fuel  at  the  proper  rate. 

2.  Burn  the  fuel  economically  by  emplo3ring  the  exact  requirement  of  air. 

3.  Automatically  discharge  all  the  refuse  and  ash  without  waste  in  unbumed  fuel. 

4.  Automatically  keep  the  air  spaces  and  passages  free  without  any  by-passing  of  air. 

5.  It  should  not  require  the  frequent  disturbance  of  the  fuel  bed  with  the  furnace  open 
for  the  spreading  of  fuel  to  prevent  air  holes  and  removal  of  clinkers. 

It  is  therefore  natural  that  under  the  wide  requirements  of  load  and  service  with  the  varia- 
tion in  grade  and  type  of  fuel  furnished,  that  all  the  conditions  of  service  will  not  be  fulfilled 
at  all  times  with  any  one  type  of  stoker;  at  best,  all  that  can  be  done  is  to  make  a  selection 
that  will  fulfill  the  major  portion  of  the  requirements. 

Stokers  may  be  divided  into  three  types  with  slightly  different  arrangement  for  forced 
or  natural  draft:  (1)  chain  grate,  (2)  over  feed,  and  (3)  under  feed.  Omitting  the  elements 
of  first  cost,  relative  workmanship  and  materials  entering  construction,  the  following  are  a  few 
of  the  considerations  that  may  be  of  assistance  in  the  selection  of  type  of  stoker  for  any  particu- 
lar service. 

For  eastern  coals  with  low  ash  and  slight  tendency  to  clinker,  most  stokers  will  give  good 
results  with  proper  handing  provided  too  heavy  overloads  are  not  attempted.  These  are  coals 
of  the  coking  and  caking  class  requiring  agitation  of  the  fuel  bed  at  least  in  the  early  stages 
of  combustion.  For  this  reason,  movable  grate  bars  must  be  used  which,  at  times,  give  trouble 
from  warping  or  burning  when  pushed  into  the  fuel  bed,  especially  when  there  is  sulphur  present 
in  the  f ueL  The  over  feed  with  inclined  grate  is  apt  to  let  the  fuel  through  the  grate  before 
complete  combustion  takes  place  when  forced  too  hard.  There  is  also  a  tendency  to  form  clinker 
making  it  necessary  to  provide  clinker  crushers. 

For  anthracite,  coke  braise,  and  western  coals  with  high  ash,  the  chain  grate  is  apt  to  be  more 
successful  as  it  automatically  dumps  all  ash  and  a  fresh  clean  grate  surface  is  presented  as  the 
grate  revolves.  The  grate  area  for  all  chain  grates  is  large  and  they  function  particularly  well 
with  natural  or  induced  draft.  The  size  and  length  of  the  combustion  arch  when  used  with 
the  chain  grate  is  an  important  factor  in  determining  the  amount  of  fuel  that  can  be  burned  or 
the  rate. 

Stokers  of  the  overfeed  and  chain  grate  type  require  a  combustion  arch  which,  in  itself, 
is  no  particular  disadvantage  outside  of  initial  expense  and  maintenance  costs,  as  it  is  a  very 
effective  aid  to  the  combustion  of  soft  coal  for  any  type  of  furnace. 

The  under  feed  stokers  occupy  relatively  small  space  and  require  forced  draft.  The  com- 
bustion arch,  however,  is  unnecessary.  They  give  excellent  results  with  coking  and  caking  coals 
as  the  green  fuel  is  forced  up  through  the  fuel  bed,  breaking  up  the  coke  masses  with  unlimited 
air  supply  both  as  to  volume  and  pressure.  This  arrangement  enables  heavy  overloads  to  be 
carried  with  excellent  results  as  far  as  combustion  is  concerned.  With  high  ash  coals  and  heavy 
overloads  the  very  high  resulting  furnace  temperatures  cause  the  ash  to  fuse  forming  clinker. 
This  tendency  varies  with  the  rate  of  combustion  and  percentage  of  ash  in  the  fuel. 

There  seems  to  be  a  tendency  to  make  the  overload  capacity  or  range  the  most  important 
requirement  for  stoker  equipment.  This  may  be  all  right  from  a  combustion  standpoint  of 
efficiency,  but  most  stoker  troubles  seem  to  originate  from  this  cause.  From  a  common  sense 
standpoint,  any  program  that  provides  for  continuously  excessive  overloads  is  bad  practice, 
especially  in  view  ot  the  class  of  labor  which  the  ordinary  manufacturer  deems  capable  of  hand- 
ling his  fuel,  the  cost  of  which  may  amount  to  from  $75,000  to  $200,000. 

It  makes  little  difference  what  stoker  is  used  as  the  furnace  temperatiires  made  necessary 
by  these  overloads  are  certain  to  break  down  the  brick  work  and  put  the  boiler  unit  out  of  com- 
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mission  for  two  or  three  weeks  at  more  frequent  intervals  than  if  a  more  conservative  operating 
load  were  maintained.  During  a  few  weeks  in  December  public  service  plants  are  subject  to 
extreme  loads  for  a  few  hours  a  day.  These  are  entirely  out  of  their  control  and  the  service  has 
to  be  maintained.  This  feature  is  exceedingly  important  due  to  the  necessary  increase  in  the 
amount  of  equipment  on  which  fixed  annual  charges  have  to  be  maintained. 

For  industrial  plants  with  the  load  more  regular  and  entirely  under  control  of  the  manage- 
ment, it  would  seem  better  practice  to  operate  nearer  the  normal  boiler  rating  with  better  evapo- 
ration, less  repairs,  and  sufficient  equipment,  and  such  overloads  as  to  reduce  to  a  minimum  the 
stand-by  losses  due  to  shifting  boilers  during  the  daily  run.  These  stand-by  losses  may  be 
reduced  likewise  by  employing  larger  boiler  units  with  fewer  fires  wherein  a  smaller  percentage 
of  overload  would  give  a  wider  range  in  capacity. 

With  a  rating  of  10  sq.  ft.  of  boiler  heating  surface,  a  100  %  overload  would  mean  a  reduc- 
tion of  50  %  in  heating  surface  or  5  sq.  ft.  per  hp.  which  must  of  necessity  reduce  the  evaporation, 
increase  the  flue  temperature,  and  reduce  the  life  of  the  furnace  and  settings. 

With  a  25  to  50  %  overload  and  8  to  6  sq.  ft.  per  hp.,  the  problem  would  be  within  range  of 
nearly  all  types  of  stokers  and  advantage  could  be  taken  of  some  excellent  features  in  types  that 
might  not  be  as  adaptable  if  the  overload  feature  were  the  paramount  requirement.  Certainly, 
the  question  of  maintenance  is  independent  of  the  typeof  stoker  where  the  equipment  is  operated 
hard  enough  to  produce  destructive  furnace  and  flue  temperatures. 

It  is  not  advisable  to  provide  equipment  for  the  absorption  of  more  heat  than  can  be 
produced  by  the  combustion  system,  and  the  boiler  surface  should  be  proportioned  for  the  availa- 
ble chimney  power  rather  than  the  work  to  be  performed;  or  stated  otherwise,  see  that  the 
combustion  system  is  ample  in  capacity  before  considering  the  boiler.  This  applies  to  all  heat- 
ing and  power  boilers' although  the  latter  are  not  so  olten  handicapped  with  low  draft  pressure 
as  they  are  frequently  overloaded. 

In  the  design  of  any  power  plant,  high  economy  may  be  obtained  by  operating  an  excess  of 
boiler  heating  surface  but  when  the  expense  of  maintining  this  extra  equipment  is  balanced 
against  the  actual  increase  in  fuel  economy,  it  will  be  found  that  over  10  sq.  ft.  of  heating  surface 
per  boiler  horsepower  does  not  pay  in  overall  economy.  There  is  such  a  thing  as  operating  too 
much  boiler  power  on  a  given  load. 

Allowance  should  be  made  in  all  power  plant  installations  for  sufiicient  reserve  boiler  power 
in  order  that  boilers  may  be  cleaned  at  regular  intervals  during  work  periods. 

POWER 

69.  Prime  Movers. — There  are  two  main  types  of  prime  movers  for  power  generation: 
(1)  reciprocating  and  (2)  rotary  engines,,  of  which  latter  class  the  turbine  will  be  the  only  one 
considered. 

Reciprocating  engines  as  the  name  implies,  involves  a  piston  moving  back  and  forth  to 
impart  rotary  motion  to  a  shaft.  This  requires  provision  of  some  method  of  stopping  or 
cushioning  the  moving  parts  as  they  change  direction  to  overcome  their  inertia.  This  is  accom- 
plished by  imprisoning  some  of  the  fluid  before  the  end  of  the  stroke  by  initially  closing  the 
exhaust  valve,  and  is  known  as  the  compression.  Reciprocating  engines  may  be  single  or  multi- 
cylinder,  double  or  single  acting,  operated  by  a  direct  explosion  of  gas  in  the  cylinder  or  by  the 
expansion  of  a  charge  of  gas  or  steam  at  high  pressure. 

60.  Gas  Engines. — Single  acting  cylinders  take  an  impulse  on  only  one  side  of  the  piston 
while  those  double  acting  take  an  impulsion  both  sides.  Gas  engines  are  generally  known  as 
internal  combustion  engines.  They  are  built  multicylinder  and  single  acting  but  the  larger 
types  are  double  acting,  with  one,  two,  or  more  cylinders. 

The  action  of  an  internal  combustion  engine  is  as  follows:  The  charge  is  drawn  in  compres- 
sed, and  fired  by  an  electric  spark  producing  the  motor  impulse  and  the  products  are  next  ex- 
pelled, so  there  is  an  impulse  only  once  in  two  revolutions  for  each  end  of  the  cylinder.  For  this 
reason,  high  speeds,  very  heavy  fly  wheels,  and  multicylinders  are  provided  in  order  to  store 
sufficient  energy  to  provide  for  the  inf requency  of  the  impulse  and  enhance  smooth  running. 
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They  are  diflftcult  to  regulate  to  the  constant  speed  required  for  electric  power  generation, 
especially  in  the  larger  types  with  low  speeds.  The  cylinders  have  to  be  water  jacketed  with 
a  circulating  system  and  in  the  larger  sizes  the  pirtons  and  piston  rods  have  to  be  cooled.  Their 
cost  is  very  great  although  their  fuel  economy  is  unquestioned  as  compared  with  the  steam  engine, 
being  about  K  of  a  pound  of  coal  per  horsepower  or  about  4000  B.t.u.  They  may  be  operated 
with  natural,  blast  furnace,  or  producer  gas,  a  heavy  fuel  oil,  the  engine  using  the  latter  being 
known  as  the  Diesel  motor.  This  engine  depends  on  the  high  temperature  of  compression 
for  ignition  and  explobion  of  the  fuel  charge. 

The  erratic  performances  of  gas  engines  have  been  due  largely  to  variations  in  the  composi- 
tion of  the  fuel  gas  and  its  resulting  air  requirements.  Back  fires  are  freqent,  due  to  a  charge 
exploding  in  the  exhaust  after  leaving  the  engine,  and  sometimes  difficulties  are  experienced  with 
the  noise  of  the  exhaust.  If  there  are  no  sulphurous  or  injurious  products  in  the  exhaust  gas, 
a  small  water  jet  close  to  the  engine  will  remedy  the  trouble.  If  sulphur  or  other  impurities  are 
presentythe  pipe  eats  out  very  rapidly,  but  these  jets  can  then  be  replaced  by  a  heater  with 
cooling  surface  as  close  to  the  point  of  emission  of  the  gases  from  the  engine  as  practicable. 

61.  Steam  Engines. — Steam  engines  are  almost  entirely  of  double  acting  t3rpe.  Where 
two  cylinders  are  used,  one  exhausting  into  the  other,  they  are  known  as  compound;  where 
three  are  used,  one  exhausting  to  the  other,  they  are  known  as  triple  expansion  engines.  The 
latter,  at  present,  are  confined  almost  entirely  to  marine  practice.  Where  two  cylinders  are 
on  the  same  piston  rod,  one  behind  the  other,  they  are  tandem  compound  and  when  connected 
to  the  shaft,  either  side  of  flywheel,  they  are  cross  compound. 

Engines  are  also  classed  as  to  rotative  speed,  as  high,  medium,  and  low,  although  by  vary- 
ing the  stroke  they  may  at  the  same  time  have  the  same  piston  speed.  The  steam  engine  acts 
on  a  pressure  volume  basis  with  the  work  divided  as  nearly  as  possible  between  the  cylinders 
when  in  multiple.  For  economy,  the  cylinders  should  have  a  certain  volumetric  relation  to  the 
changes  in  volume  of  the  steam  between  the  final  and  initial  pressure. 

When  the  final  terminal  pressure  is  reduced  below  atmosphere  by  condensing  the  steam, 
a  further  classification  is  made  as  condensing  and  non-condensing  engines.  The  steam  enters 
the  cylinder  at  an  initial  pressure  up  to  the  point  of  cut  off — generally  ^i  to  }4  the  stroke 
— and  is  expanded  producing  a  mean  average  pressure  on  the  piston  areas.  The  number  of 
times  this  initial  volume  of  steam  is  expanded  before  leaving  the  engine  is  termed  the  number 
of  expansions.  It  ia  the  reciprocal  of  the  cut  off  divided  by  the  ratio  of  the  cylinder  areas. 
With  J4,  cut  off  and  a  ratio  of  cylinders  3  to  1,  the  ratio  of  the  expansion  would  be  1 :  12  and 
the  number  of  expansions  12  for  that  particular  engine.  The  fixed  quantities  with  any  engine 
are  the  ratio  of  cylinders  and  speed.  The  only  variable  is  the  point  of  cut  off,  which  is  limited 
for  economy  to  )^  to  )^  the  stroke. 

There  is  often  confusion  in  steam  rates  of  reciprocating  engines  and  turbines,  as  the  former 
are  rated  in  pounds  of  steam  per  indicated  horsepower,  and  the  latter  in  brake  horsepower, 
because  their  design  prevents  the  use  of  an  indicator.  In  the  case  of  direct  current,  turbines  are 
rated  in  pounds  of  steam  per  kilowatt-hour  delivered  at  the  switchboard.  In  the  case  of  alter- 
nating current  they  are  rated  in  kilo-volt-amperes  (k.v.a.),  on  account  of  a  variable  power 
factor  of  from  80  to  90  %,  depending  upon  the  construction  of  the  alternator  and  the  nature 
of  the  load.  The  volts  and  amperes  as  read  from  the  switchboard  is  termed  the  apparent 
voltage.     The  actual  kilowatt  load  is  the  kilovolt-ampere  load  times  the  power  factor. 

The  reciprocating  engine  has  a  nearly  constant  friction  load  of  from  10  to  20  %  of  the  rated 
load,  and  it  can  be  seen  that  the  rate  at  one-half  load  will  be  much  higher  than  at  full  load. 

The  indicated  horsepower  therefore  includes  all  power  due  to  losses  in  generator,  friction 
load  of  the  engine  and  generator,  and  when  divided  into  the  total  steam  used,  would  give  a 
lower  apparent  rate  than  the  turbine  when  the  total  steam  is  divided  by  the  net  available 
load  at  the  switchboard. 

Automatic  high  speed  engines  have  comparatively  high  rotative  speed  with  short  stroke 
and  are  generaUy  operated  non-condensing.  They  enable  a  less  costly  generator  to  be  used 
due  to  the  high  rotative  speed  and  are  very  flexible  in  that  a  wide  variation  in  the  load  and 
terminal  pressure  may  be  obtained  with  fair  average  steam  rate. 


1168  HANDBOOK  OF  BUILDING  CONSTRUCTION  [Sec  l-61a 

There  are  four  common  types  of  engine  valves :  (1)  the  balanced  piston  valve,  (2)  the  unbal- 
anced D-slide  valve  and  gridiron  valve,  (3)  the  Corliss  type  valve,  and  (4)  the  poppet  valve. 
Each  type  is  actuated  by  an  eccentric  and  a  governor  fromthe  main  flywheel  shaft  in  such  a 
manner  that  it  admits  and  releases  alternately  the  proper  amount  of  steam  to  and  from  the 
cylinder  to  take  care  of  the  load  on  the  engine. 

The  piston  valve  slides  back  and  forth  in  a  cylinder  parallel  to  its  axis  and  alternately 
opens  and  closes  the  inlet  and  exhaust  ports  of  the  main  cylinder.  It  is  called  a  balanced  valve 
for  the  pressure  is  equalized  on  both  ends,  thus  reducing  the  friction.  It  is  difficult  to  keep  this 
type  tight.  A  modification  of  this  type  is  the  riding  cut-off  of  the  Buckeye  engine  that  has  one 
sleeve  working  inside  the  other,  one  attached  to  a  rod  actuated  by  the  governor  for  cut-off  and 
the  other,  the  main  valve,  attached  to  the  shaft  eccentric  and  having  a  fixed  travel. 

The  D-slide  valve  is  an  arched  plate  sliding  over  a  series  of  steam  and  exhaust  ports  known 
as  the  gridiron.  This  valve  is  not  adjustable  for  wear  and  is  difficult  to  keep  steamtight. 
It  is  an  unbalanced  valve — that  is,  the  pressure  is  much  greater  on  one  side  than  on  the  other — 
which  causes  much  attendant  friction  in  sliding  over  its  seat  or  grid.  A  modification  of  this 
valve  is  provided  with  a  pressure  plate  with  adjustable  bolts  to  take  up  wear  and  release  the 
valve  proper  of  the  pressure,  thus  enabling  it  to  be  kept  steamtight. 

The  Ck)rliss  valve  gear  consists  of  an  eccentric  which  actuates  a  wrist  plate,  which  in  turn 
actuates  two  steam  valves  and  two  exhaust  valves.  Dash  pots  quickly  close  the  steam  valves 
at  the  proper  time  when  the  governor  releases  them  from  the  wrist  plate  connection.  The 
valves  themselves  arc  small  rotating  cylinders.  They  rotate  back  and  forth  through  an  angle 
of  about  130  deg.  Since  they  have  a  small  area  exposed  to  the  live  steam  pressure,  they  are 
subject  to  much  less  friction  than  the  D-slide  valve,  they  operate  more  easily,  and  are  less  liable 
to  wear,  and  more  easily  kept  tight. 

The  poppet  valve,  instead  of  rotating  or  sliding  as  in  the  three  former  cases,  rises  and  lowers 
on  a  seat.  It  is  circular  in  form  and  has  a  beveled  edge  to  fit  its  seat.  There  are  four  of  these 
valves  for  each  cylinder  as  in  the  case  of  the  Corliss  type,  two  steam  valves  and  two  exhaust 
valves.  The  length  of  time  that  the  steam  valves  are  open  is  governed  by  the  load  on  the  engine 
by  means  of  a  fly-ball  governor  geared  to  the  main  shaft.  Poppet  valves  are  well  adapted  to 
the  use  of  superheated  steam  on  account  of  its  tendency  to  cut  furrows  in  the  metal  under 
sliding  valves. 

In  all  single  valve  engines,  it  requires  care  in  setting  the  valve  as  all  functions  of  opening  for 
the  admission  and  closing  the  exhaust  for  compression  have  to  be  accomplished  with  a  single 
movement.  There  are  a  number  of  medium  speed  engines  having  short  stroke  and  fairly  high 
speeds  with  Corliss  valve  gear  for  variable  load  conditions  and  terminal  pressure.  In  many 
cases,  they  are  compounded  and  operated  condensing.  They  are  known  as  four  valve  engines 
and  combine  the  principles  of  the  Corliss  valve  with  comparative  high  rotative  speed. 

Nearly  all  reciprocating  engines  are  counter-flow,  that  is,  the  steam  flows  in  and  out  at  the 
same  end  causing  cylinder  condensation  due  to  the  varying  temperatures  of  the  expanding 
steam  in  contact  with  the  cylinder  walls.  The  Unaflow  engine  which  exhausts  at  the  center 
of  the  cylinder,  takes  its  name  from  the  fact  that  the  steam  flows  in  one  direction.  They  claim 
a  perfectly  tight  valve  is  the  reason  for  their  economy.  These  engines  are  adapted  to  super- 
heated steam  by  using  a  long  stroke  and  small  diameter  and  operating  non-condensing.  By 
so  doing  great  economy  may  be  obtained.  There  will  naturally  be  small  economy  of  con- 
densing with  one  cylinder  when  the  equipment  cost  is  considered. 

61a.  Compounding. — Where  very  high  pressures  and  steam  temperatures  are 
available,  it  pays  to  compound  the  engine  on  account  of  cylinder  condensation.  Compounding 
does  increase  the  bulk  of  the  engine  but  it  docs  not  increase  its  rated  load.  Where  small  units 
are  necessary  and  non-condensing  conditions  are  maintained,  a  lower  steam  pressure  and  higher 
speed  will  give  the  best  overall  results,  especially  if  there  is  a  vacuum  heating  system  in  which 
to  use  the  available  exhaust.  Also  the  fluctuations  of  the  heating  and  power  are  not  so  serious 
on  a  small  installation. 

Where  engines  are  over  500  hp.  they  should  be  compounded,  using  high  steam  pressures  and 
operating  condensing.    A  large  engine  is  seriously  reduced  in  economy  by  operating  it  non- 
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condensing  when  designed  for  condensing  conditions.  Better  overall  economy  due  to  low 
installation  cost  is  obtained  by  condensing,  using  high  pressure  live  steam  for  heating,  due 
to  the  reduction  of  the  engine  economy,  and  the  lack  of  heat  balance  between  the  heating 
and  power  with  a  constant  steam  power  rate.  This  is  amply  proven  by  cotton  mill  practice 
in  New  England  where  the  main  engines  are  operated  under  high  vacuum,  and  high  pressure 
steam  is  used  for  heating. 

Table  37  is  interesting  as  showing  the  reason  why  high  vacuums  (above  26  in.)  do  not  pro- 
duce an  overall  economy  as  great  in  proportion  to  the  cost  with  reciprocating  engines.  They 
work  on  a  difference  in  pressure  for  an  interchange  in  heat  since  the  cylinder  areas  and  piston 
speed  are  fixed.  Column  1  gives  the  absolute  pressures.  Column  5  gives  the  total  heat.  It 
shows  that  in  Column  9  a  constantly  decreasing  rate  in  pounds  pressure  per  B.t.u.  which  is  3.3 
for  atmosphere,  2.375  for  25  in.  of  vacuum,  and  1.8  for  28  in.  of  vacuum.  These  physical 
characteristics  are  borne  out  in  practice. 

It  is  impossible  to  obtain  in  a  reciprocating  engine  the  highest  economy  and  flexibility  of 
load.  There  is  a  point  at  which  any  engine  will  do  better,  depending  on  the  elements  of  design 
already  discussed.  Therefore,  in  selecting  a  type  of  engine,  its  design  should  be  modified 
80  as  to  be  most  economical  under  the  conditions  of  major  operation,  and  at  the  same  time 
furnish  the  full  required  power  load  under  all  conditions  of  operating  pressures. 

Table  37. — Relation  of  Volumes  and  Pressures  op  Steam  as  Affecting  the  Economt 

OF  Turbines  and  Engines 
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62.  Steam  Turbines. — There  are  three  types  of  tubines;  (1)  the  impulse  wheel  wherein 
the  steam  is  first  expanded  through  a  nozzle,  (2)  the  reaction  type,  and  (3)  the  several  combina- 
tions of  the  two. 

All  turbines  are  very  uneconomical  and  the  load  capacity  goes  down  rapidly  with  reduced 
vacuum,  but  the  impulse  wheel  under  the  conditions  of  design  for  full  vacuum  will  have  less 
capacity  than  the  reaction  type  for  loss  of  vacuum.  The  reason  for  the  effectiveness  of  high 
vacuum  in  the  case  of  turbo-generators  is  shown  in  Table  37,  Column  10.  The  cubic  feet  per 
B.t.u.  for  atmosphere  is  0.54,  for  10-in.  vacuum  0.723,  for  20-in.  vacuum  1.143,  for  26-in. 
vacuum  2.23,  and  for  28-in.  vacuum  3.82,  or  28-in.  vacuum  is  over  \yi  times  as  effective  as 
26-in.  vacuum.  These  are  not  quite  true  ratios  but  are  simply  given  so  as  to  convey  the 
physical  reason  for  these  conditions. 

62a.  Impulse  Type. — If  a  nozzle  is  arranged  so  that  the  difference  in  area  of 
the  inlet  and  the  outlet  end  corresponds  to  the  initial  and  terminal  volumes  of  the  pressures, 
the  steam  will  be  fully  expanded  and  the  entire  pressure  transformed  into  velocity.  Table  37 
gives  the  volume  at  150  lb.  as  2.754  cu.  ft.  per  lb.,  and  at  28  in.  of  vacuum  as  348.3  cu..  ft.  per 
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348.4 
lb.  so  the  relative  areas  would  be  o^fii  ^  127  times.    However,  when  steam  is  expanded  there 

is  no  increase  in  velocity  beyond  that  corresponding  to  about  00  %  of  the  initial  pressure. 
This  steam  pressure  would  all  be  changed  to  velocity  and  if  it  strikes  a  moving  vane  at  twice 
the  speed  of  the  vane,  it  will  be  operating  under  conditions  of  maximum  economy.  In  practice 
these  vanes  and  nozzles  are  divided  in  stages  as  there  is  a  limit  to  the  speed  that  a  disk  of  this 
kind  can  operate  without  rupture.  This  is  the  principle  of  the  impulse  turbine  and  any  change 
in  the  terminal  pressures  requires  a  change  in  the  nozzle  relation,  or  the  economy  suffers.  So 
long  as  they  operate  under  the  condition  for  which  they  were  designed  the  economy  will  be 
slightly  greater  than  for  the  reaction  type.  The  stationary  blades  are  used  simply  to  change 
the  direction  of  flow  to  enter  the  next  wheel. 

62&.  Reaction  Type. — The  reaction  type  is  a  series  of  stationary  blades  on  the 
stator  or  cylinder  between  which  the  moving  blades  on  the  rotor  or  spindle  revolve.  The  velo- 
cities are  not  so  great  and  the  action  is  one  entirely  of  steam  expansion  and  reduction  of  pres- 
sure in  the  buckets  themselves  there  being  no  nozzles. 

62c.  Impulse  Reaction  Type. — ^This  is  a  combination  of  the  two  types  utilizing 
nozzles  and  impulse  wheels  in  the  high  pressure  stages  and  reaction  blading  in  the  low  pressure 
or  vacuum  stages. 

There  arc  various  other  types  of  impulse  and  reaction  turbines,  such  as  low  pressure  and 
mixed  pressure.  These  are  extremely  economical  where  exhaust  steam  is  going  to  waste  from 
any  source,  such  as  from  steam  hammers.  The  fluctuation  of  the  available  exhaust  steam  to 
make  the  power  supply  constant  is  supplemented  by  passing  live  steam  through  a  reducing 
valve  with  some  attendant  superheat  or  by  adding  the  live  steam  through  an  impulse  wheel 
and  passing  the  exhaust  from  the  hammers  in  between  the  impulse  wheel  and  the  reaction 
blading.  With  28-in.  vacuum  a  kilowatt  can  be  generated  with  about  35  to  40  lb.  of  exhaust 
at  16-lb.  absolute  pressure. 

In  bleeder  turbines,  the  same  scheme  is  used  as  extracting  steam  from  the  receiver  of  a 
reciprocating  engine  but  in  a  different  form.  This  steam  can  be  bled  at  5  lb.  pressure  up  to 
about  25  %  of  the  capacity  of  the  machine.  The  economy  for  the  power  recovery  is  no  greater 
than  any  high  pressure  turbine  exhausting  at  5  lb.  back  pressure,  and  as  a  rule  the  steam  rate 
for  this  portion  would  be  over  40  to  50  lb.  per  kw.  The  terminal  pressure  will  always  fix  the 
steam  rate  of  any  engine  within  limits. 

Due  to  the  fact  that  economical  turbines  require  such  high  speed,  it  would  be  impossible  to 
commutate  with  direct  current  direct-connected  generators.  There  is  the  alternative  of  sacri- 
ficing economy  by  a  reduction  of  speed  in  direct  connecting,  or  resorting  to  reduction  gears. 
It  is  always  a  good  idea  to  avoid  gears  wherever  possible  by  using  some  other  method.  Alter- 
nators and  motor  generators  give  one  solution. 

63.  Superheated  Steam. — The  use  of  superheated  steam  is  more  economical  on  any  engine 
or  turbine  than  saturated  steam,  the  economy  being  inherent  in  the  physical  properties  of  the 
steam  rather  than  being  due  to  the  type  of  engine,  as  a  greater  volume  of  steam  at  any  pressure 
is  obtained  with  superheat  from  a  given  weight  of  water  making  a  greater  pressure  range  for  a 
given  amount  of  heat.  It  will,  however,  decrease  the  wear  on  the  blades  which  deteriorate 
rapidly  when  entrained  water  is  in  the  steam.  It  also  reduces  the  cylinder  condensation  when 
used  in  reciprocating  engines,  although  the  latter,  for  very  high  steam  temperattlres,  require 
poppet  valves  and  a  different  type  of  construction  than  the  regular  engine.  These  advantages 
are  additional  to  those  previously  scheduled. 

84.  Comparisons  of  Engines  and  Turbines. — For  first  cost,  condensing  conditions,  space 
occupied,  simplicity  and  durability,  the  turbo-generator  cannot  be  surpassed.  For  non-con- 
densing conditions,  the  reciprocating  engine  is  better,  as  well  as  for  conditions  for  large  units 
where  low  vacuum  (26  in.  and  below)  only  is  available.  Even  in  the  latter  case,  the  advantages 
over  the  turbo-generator  are  but  slight. 

The  most  economical  arrangement  for  power  as  far  as  operation  is  concerned,  is  the  com- 
bination of  the  reciprocating  engine  for  the  steam  between  the  initial  pressure  and  atmosphere 
and  the  use  of  a  low  pressure  turbine  between  atmosphere  or  16  lb.  absolute  and  28  or  29  in.  ol 
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vacuum.  The  first  cost  and  space  of  a  new  installation  does  not  warrant  the  investment  over 
the  condensing  turbine  but  where  the  engines  are  already  installed  it  is  an  excellent  method  of 
improving  the  economy.  A  fairly  large  unit  will  furnish  a  kilowatt  on  between  35  to  40  lb.  of 
exhaust  steam  after  passing  the  reciprocating  engine. 

65.  Condensing  Water  Required. — The  condensing  of  steam  to  produce  a  vacuum  and 
reduce  the  back  pressure  involves  the  absorption  of  the  latent  heat  of  the  steam  of  about  1040 
H.t.u.  per  lb.  and  the  removal  of  all  ext rained  air.  The  amount  of  water  necessary  to  cool  a 
pound  of  steam  if  its  outboard  temperature  is  limited  to  90  deg.  and  its  entrance  temperature 

to  70  deg.  as  is  possible  in  summer,  is  ■  ^^    =  52  lb.  per  lb.  of  steam.     As  some  of  the  heat  has 

already  been  taken  up  by  radiation  and  in  the  form  of  entrained  moisture,  950  to  1000  B.t.u. 
per  lb.  can  be  used  as  the  latent  heat  of  the  exhaust  steam. 

66.  Removal  of  Entrained  Air. — If  there  were  no  air  present,  the  temperature  of  the  con- 
densate from  a  condenser  would  indicate  the  vacuum  or  absolute  pressure.  The  amount  of  air 
present  is  determined  by  the  relation  of  this  temperature  with  the  corresponding  pressure;  as 
the  pressure  is  what  is  desired  for  economy,  the  removal  of  the  air  must  be  accomplished  by  a 
dry  air  pump.  The  question  of  air  removal  is  not  as  serious  in  vacuums  below  25  in.  but  be- 
comes absolutely  imperative  for  vacuums  from  25  to  29  in.  When  the  air  is  handled  by  one 
pump  and  the  condensate  by  another,  the  system  is  known  as  dry.  When  only  one  pump 
is  used  for  both  air  and  water,  it  is  known  as  the  wet  system. 

67.  Condensers. — Condensers  are  classed  as  surface  condensers  and  jet  condensers.  The 
former  require  tube  heating  surface  with  cold  water  pumped  through  the  tubes,  and  jet  con- 
densers have  a  jet  of  water  mingling  with  the  steam.  Surface  condensers  cost  more  but  where 
water  for  the  boilers  is  bad,  they  pay  for  themselves  in  a  short  time  due  to  the  re-use  of  the 
purified  condensate,  to  say  nothing  of  the  heat  contained  in  the  returned  water.  In  case  the 
vacuum  drops  on  a  surface  condenser  it  will  recover,  but  with  the  jet  types,  if  it  goes  anywhere 
near  as  low  as  10  in.,  it  will  break  and  the  machine  will  have  to  be  shut  down  to  reestablish  the 
vacuum.  The  surface  condenser  will  use  less  injection  water  and  by  increasing  the  surface 
and  pumpage,  much  higher  temperatures  may  be  used  than  with  the  jet  condenser  without 
breaking  the  vacuum. 

68.  Auxiliaries. — Dry  air  pumps,  circulating  pumps,  and  similar  auxiliaries  are  generally 
operated  by  independent  steam  driven  units  inasmuch  as  with  high  vacuums  it  is  necessary  to 
use  some  exhaust  steam  to  raise  the  condensate  from  120  to  210  deg.  for  feed  purposes.  This 
may  be  a  source  of  waste  if  too  little  attention  is  paid  to  the  amount  of  power  obtained  before 
the  exhaust  steam  is  utilized;  for  instance,  small  non-condensing  turbines  sometimes  use  more 
steam  than  that  required  by  the  main  units.  It  is  ju&t  as  important  to  obtain  a  fair  water  rate 
and  corresponding  power  recovery  from  this  auxiliary  steam  as  from  the  main  units. 

There  are  numbers  of  plants  that  would  show  a  saving  if  live  steam  were  used  to  heat  the 
feed  water  and  the  auxiliary  were  condensed,  because  so  little  actual  efficient  power  generation 
is  obtained  from  this  steam.  Especially  is  this  true  if  there  is  a  waste  to  the  atmosphere 
from  fluctuation  of  the  load.  This  can  be  avoided  by  operating  part  of  the  auxiliaries 
electrically. 

Where  there  are  no  ponds  or  natural  sources  of  water  supply,  a  system  of  cooling  may  be 
installed  based  on  an  air  supply  or  the  mechanical  evaporation  of  water.  There  are  two  me- 
thods: (1)  cooling  towers  and  (2)  spray  ponds. 

Ckx)ling  towers  are  of  four  classes:  (1)  natural  draft  closed  type,  (2)  forced  draft,  (3) 
natural  draft  open  type,  and  (4)  natural  and  forced  draft  combined.  The  cooling  of  the  water 
in  towers  is  accomplished  by  evaporation,  convection,  and  radiation,  but  mainly  by  evaporation. 
It  is  necessary  to  evaporate  in  the  tower  an  amount  of  water  equivalent  to  the  condensate  but 
as  a  matter  of  fact,  the  loss  and  use  of  water  from  a  cooling  tower  is  less  than  when  the  engines 
exhaust  to  the  atmosphere.  Assuming  a  non-condensing  engine  uses  40  lb.  of  steam  per  kw.-hr. 
at  the  switchboard,  all  except  10  %  retained  for  heating  feed  water,  is  exhausted  to  the  atmos- 
phere and  lost.  A  cooling  tower  and  condenser  would  use  not  more  than  25  lb.  per  kw-.hr.  or 
save  about  30  %. 
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Where  land  is  available,  a  spray  pond  is  the  least  costly  method  of  cooling  injection  water. 
The  idea  is  to  spray  a  film  of  water  into  the  air  bringing  as  great  a  surface  in  contact  with  the 
surrounding  air  as  possible.  Both  cooling  towers  and  spray  ponds  are  apt  to  throw  water  in 
finely  divided  drops  on  surrounding  property,  and  this  fault  should  be  cared  for  in  selecting 
any  system  as  well  as  its  location^  The  Ford  Motor  Company  uses  the  roof  of  one  of  its  build- 
ings as  a  spray  pond  and  all  of  the  condensing  capacity  for  the  main  engine  plant  is  handled  in 
this  manner;  there  is,  however,  considerable  fine  spray  thrown  when  the  wind  blows  heavily 
from  certain  directions,  although  not  in  any  way  serious. 

PIPING  AND  FITTINGS 

69.  Pipe. — Standard  pipe  may  be  used  for  any  and  all  purposes  in  heating  and  power  work 
as  it  is  tested  to  500  lb.  pressure  and  over.  The  relative  values  of  steel  and  wrought-iron  pipe  are 
at  present  one  of  cost.  Wrought-iron  pipe  as  made  by  Byers  Company  is  probably  purer  iron 
which  accounts  for  its  longer  life.  In  steam  heating  systems  it  makes  little  or  no  difference 
except  in  the  case  of  the  return  pipes  which  deteriorate  more  rapidly  than  in  any  other 
service.  In  hot  water  systems  if  the  water  is  not  changed  in  the  system  so  as  to  admit  air, 
either  wrought  iron  or  steel  lasts  indefinitely.  If  the  water  is  changed  and  the  air  is  allowed  to 
enter  the  system  dissolved  in  the  water,  there  is  apt  to  be  trouble  in  any  case.  Steel  pipe  made 
by  the  Bessemer  process  is  apt  to  have  impurities.  Impure  places  are  generally  the  points 
where  chemical  action  shows  first.  Water  pipes  for  domestic  service,  even  when  galvanized, 
are  short  lived  in  many  cases. 

The  secret  of  non-corrosion  in  all  piping  is  the  purity  of  the  iron,  whether  steel  or  wrought 
iron.  The  latter,  due  to  its  process  of  manufacture  in  a  puddling  furnace,  is  apt  to  be  purer 
metal  but  this  carries  no  assurance  of  the  fact.  Table  38  is  a  complete  list  of  standard  pipe 
dimensions. 

70.  Joints  and  Flanges. — In  all  high  pressure  piping  and  in  fact  where  large  sizes  are  used 
for  any  purpose,  bends  should  be  used  to  eliminate  fittings  and  joints.  For  high  pressure  work 
there  are  four  types  of  joints:  (1)  the  screwed  joint,  (2)  the  Van  Stone  joint,  (3)  the  welded 
joint,  and  (4)  the  shrunk  joint.  In  the  last  two  cases  the  pipe  is  rigidly  and  permanently  fastened 
to  the  flange  by  shrinking  or  welding.  In  the  case  of  the  Van  Stone  or  Cranelap,  the  flanges 
are  loose  on  the  pipe  and  the  laps  of  the  pipe  are  clamped  between  them. 

Flanges  arc  made  of  cast  iron  and  forged  steel.  In  all  cases  the  face  of  the  joint  should  be 
machined.  The  Van  Stone  joint  with  a  perfectly  smooth  finish  to  the  laps  of  the  pipe,  makes  the 
best  joint  although  some  prefer  the  other  types.  Flanges  of  all  types  are  made  standard  and 
of  extra  heavy  cast  iron,  or  extra  heavy  steel  for  superheated  steam. 

There  are  various  types  of  gaskets  on  the  market  which  serve  well  for  this  service,  such  a? 
corrugated  copper  which  is  all  right  for  saturated  steam.  Corrugated  steel  should  be  used  for 
superheated  steam.  Plain  rubber  or  "rainbow  "  with  screwed  flanges,  is  best  for  hot  water  and 
steam  heating.  In  some  stations,  ground  joints  are  used  with  no  gasket,  the  faces  of  the  joint 
being  ground  off  until  they  fit  perfectly.  Some  years  ago  one  face  was  actually  ground  against 
another.  Using  rough  surfaces,  several  kinds  of  material  in  the  gaskets,  and  grooved  faces 
are  no  improvement  over  a  perfectly  smooth  surface,  with  or  without  the  thinnest  kind  of  a 
gasket.  The  surfaces  being  smooth  and  perfectly  faced  have  more  to  do  wit  h  making  tight  joints 
than  anything  else.  Bolts  should  all  have  finished  hexagonal  nuts  and  bolt  holes  should  be  spot 
faced. 

71.  Rules  for  Flanged  Fittings. — American  1915  Standard,  Extra  Heavy. — 1.  Extra  heavy 
reducing  elbows  carry  same  dimensions  center  to  face  as  regular  elbows  of  largest  straight  size. 

2.  Extra  heavy  tees,  crosses  and  laterals,  reducing  on  run  only,  carry  same  dimensions  face 
to  face  as  largest  straight  size. 

3.  Where  long  turn  fittings  are  specified,  it  has  reference  only  to  elbows  which  are  made  in 
two  center  to  face  dimensions  and  to  be  known  as  elbows  and  long-turn  elbows,  the  latter  being 
used  only  when  so  specified. 
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4.  Extra  heavy  fittings  must  be  guaranteed  for  250  lb.  working  pressure,  and  each  fitting 
must  have  some  mark  cast  on  it  indicating  the  maker  and  guaranteed  working  steam  pressure. 

5.  All  extra  heavy  fittings  and  flanges  to  have  a  raised  surface  Ke  ii^*  high  inside  of  bolt 
holes  for  gaskets.  Thickness  of  flanges  and  center  to  face  dimensions  of  fittings  include  this 
raised  surf  ace.  Bolt  holes  tobe  ^  in.  larger  in  diameter  than  bolts.  Both  holes  to  straddle 
center  lines. 

6.  Size  of  all  fittings  scheduled  indicates  inside  diameter  of  ports. 

7.  Square  head  bolts  with  hexagonal  nuts  are  generally  recommended  for  use. 

8.  Double  branch  elbows,  side  outlet  elbows  and  side  outlet  tees,  whether  straight  or  re- 
ducing sizes,  carry  same  dimensions  center  to  face  and  face  to  face  as  regular  tees  and  elbows. 

9.  Bull  head  tees  or  tees  increasing  on  outlet,  wUl  have  same  center-to-face  and  face-to-face 
demensions  as  straight  fitting  of  the  size  of  the  outlet. 

10.  Tees,  crosses  and  laterals  16  in.  and  smaller,  reducing  on  the  outlet,  use  the  same  di- 
mensions as  straight  size  of  the  larger  port.  Sizes  18  in.  and  larger,  reducing  on  the  outlet,  are 
made  in  two  lengths,  depending  on  the  size  of  the  outlet  as  given  in  the  table  of  dimensions. 

11.  For  fittings  reducing  on  the  run  only  a  long  body  pattern  will  be  used.  Y's  are  special 
and  made  to  suit  connections.     Double  branch  elbows  are  not  made  reducing  on  the  run. 

12.  Steel  flanges,  fittings  and  valves  are  recommended  for  superheated  steam. 

72.  Fittings  and  Valves. — All  flanged  fittings  and  valves  are  made  for  three  weights, 
standard  for  125  lb.  of  steam,  medium  for  150  to  175  lb.  of  steam,  and  extra  heavy  cast  iron 
for  250  lb.  steam.  They  are  also  made  in  steel  for  superheated  steam.  There  are  also 
light  fittings  and  valves  in  large  sizes  over  12  in.  made  especially  for  exhaust  piping  and  conden- 
ser work.  High  pressure  valves  are  generally  outside  screw  and  yoke,  with  bronze  or  steel 
stem  and  fittings. 

Screwed  fittings  are  made  standard  and  extra  heavy,  and  also  of  steel  for  superheated  st^am. 
Brass  fittings  are  made  in  two  patterns — one  cast  iron  and  one  malleable  iron — ^the  latter 
being  much  lighter.  The  heavy-cast-iron  pattern  will  stand  any  pressure  liable  to  occur  in  any 
power  plant  practice.  All  valves  are  made  of  brass  for  sizes  2  in.  and  under  and  are  all  made 
in  three  weights — all  over  2  in.  have  cast-iron  bodies  screwed  or  flanged.  Flanged  valves  are 
generally  called  for  on  all  sizes  4  in.  and  over,  and  sometimes  as  low  as  3-in.  As  a  rule,  only 
steel  can  be  used  for  superheated  steam. 

CoupUngs  are  just  as  good  as  flange  unions  in  long  lines  of  pipe  and  eliminate  gasket  joints 
although  suflicient  number  should  be  provided  to  make  disconnecting  easy.  The  use  of  flange 
joints  is  considerably  overdone  in  all  classes  of  work.  The  size  of  pipe  should  have  little  to  do 
with  the  use  of  flanges.  The  details  should  be  made  such  that  assembling  and  disconnecting 
can  be  accomplished  with  the  minimum  of  labor.  A  good  screw  joint  is  better  than  a  flanged 
joint  where  a  gasket  is  in  addition. 

In  all  heating  work,  standard  screwed  fittings  and  flanged  fittings  may  be  used  throughout. 
In  water  heating  systems  water  fittings  should  be  used.  It  is  good  policy  to  use  short  turn  fit- 
tings on  branches  to  radiators,  due  to  cost  and  space.  Therefore,  they  should  be  fairly  large. 
Gate  valves  are  always  preferable  to  globe  valves  especially  on  water,  due  to  friction.  In 
-cases  where  it  is  necessary  for  throttling,  high  pressure  steam  globe  valves  with  nickel  removable 
seats  should  be  used. 

73.  Blow  Off  and  Feed  Pipes. — Blow  off  and  feed  piping  for  power  plants  should  be  extra 
heavy,  not  from  the  point  of  view  of  strength  but  from  the  fact  that  they  are  subject  to  corrosion 
more  than  any  other  portion  of  the  system.  In  past  years,  brass  was  used,  but  the  cost  is 
excessive,  and  extra  heavy  pipe  is  a  better  paying  investment  even  when  the  pipe  has  to  be  ulti- 
mately replaced.  Cast-iron  fittings  and  brass  pipe  make  a  good  combination  and  this  construc- 
tion will  resist  corrosion  permanently. 

74.  Pipe  Covering. — All  exposed  surfaces  of  mains  and  heating  pipes  should  be  covered 
with  insulating  material  to  prevent  loss  of  heat,  especially  if  these  pipes  are  located  where  the 
radiated  heat  will  be  of  no  service.  The  radiation  from  such  surfaces  is  greater  in  proportion 
to  the  temperature  difference  than  for  cast-iron  radiating  surface.     Cast-iron  heating  boilers 
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are  generally  covered  with  asbestos  cement  1 3^  to  2  in.  thick,  wired  on,  and  the  whole  given  a 
coating  of  hard  cement  finish. 

When  hot  water  systems  are  used  with  a  comparatively  wide  range  in  the  temperature  of 
the  water,  it  is  unnecessary  to  cover  exposed  riser  pipes  in  the  rooms  as  the  water  temperatures 
may  be  reduced  if  the  pipes  are  left  exposed.  This  means  a  saving  of  many  thousands  of  dollars 
in  large  buildings  of  the  commercial  type  where  the  covering  amounts  to  nearly  as  much  as  the 
piping  itself. 

All  coverings  have  for  their  insulating  principle  the  cellular  inclosure  of  air;  the  smaller  the 
cells,  the  lighter  the  covering  and  the  better  the  insulating  qualities.  Hair  felt,  magnesia  car- 
bonate, asbestos,  diatomite,  mineral  wool,  paper,  and  cork  are  some  of  the  materials  used  for 
insulation.  Enclosed  stationary  air  is  the  very  best  insulator,  therefore  hair  felt  is  one  of  the 
most  efficient  of  the  commercial  coverings,  but  it  deteriorates  and  chars  under  high  temperatures. 

Cork  covering  is  also  highly  efficient  and  is  extensively  used  on  cold  water  and  refrigerating 
pipe  lines  but  is  not  favored  for  high  temperatures.  Mineral  wool  has  been  used  extensively 
for  underground  mains.  This  is  made  from  blast  furnace  slag  blown  into  fine  fibers.  Due  to 
the  presence  of  sulphur,  if  any  moisture  gets  near  the  covering  and  pipe,  it  eats  the  pipe  surface 
very  rapidly. 

Asbestos  and  magnesia  carbonate  have  come  into  almost  universal  use  for  pipe 
insulation  due  to  their  incombustility  and  excellent  insulating  qualities.  Diatomite  is  a  natural 
silicate  composed  of  the  minute  shells  of  sea  animals.     It  is  also  known  as  infusorial  earth. 

Where  exceedingly  high  steam  temperatures  are  used,  magnesia  or  asbestos  2  and  3  in. 
thick  should  be  used  for  covering  because  they  are  incombustible.  Judgment  should  be  used 
in  selecting  the  material  and  thickness  for  pipe  coverings,  the  temperature  and  permanency  being 
the  controlling  factors.  There  is  no  advantage  in  using  thick  magnesia  coverings  on  low  tem- 
perature hot  water  mains.  The  heat  loss  with  the  pipe  covered  should  be  under  10  to  15  %. 
Thickness  and  first  cost  should  be  considered  in  order  to  obtain  this  result. 

Paper  coverings  built  up  with  air  cells  are  very  economical  for  low  pressure  work,  the  paper 
being  in  the  form  of  asbestos  mill  board.     Wool  felt  is  also  economical. 

Where  long  mains  are  run  underground  and  the  heat  is  entirely  lost,  the  insulation  of  the 
pipe  becomes  very  important  and  the  most  efficient  is  none  too  good.  Underground  drainage  is 
also  very  important  in  this  class  of  work. 

Ordinarily,  covering  1  in.  thick  is  sufficiently  heavy  for  use  in  buildings.  For  use  in  tunnels 
and  trenches  and  for  high  pressure  steam,  at  least  2  in.  thick  should  be  used.  All  pipe  covering 
comes  in  molded  sections  about  3  ft.  long  made  for  the  different  commercial  pipe  sizes.  The 
fittings  are  covered  with  a  cement,  finished  smooth,  and  the  whole  canvas  jacketed  and  painted 
with  oil  or  water  paint.  Table  39  by  J. R.  Allen,  gives  the  relative  insulating  qualities  of  differ- 
ent mat<irials.  Table  40  gives  the  losses  for  magnesia  in  B.t.u.  for  different  sizes  of  mains 
with  the  last  column  of  Table  39  (relative  insulating  value)  the  loss  for  any  size  pipe  and  covering 
may  be  readily  determined  in  B.t.u. 
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Tablb  39. — ^Relahvb  Conpuchvitxes  of  Vabiodb  Commbrcial  Covbrxngs 

(J.  R.  AUen) 


Material  of  covering 

Pounds  of 
steam  per  hour 

per  sq.  ft. 
(covered  pipe) 

• 

Ratio  con- 
densation of 
covered  pipe 
to  bare  pipe 

Thickness 

of  covering 

(In.) 

B.t.u.  lost 

per  sq.  ft. 

per  hr. 

Ralfttive  in- 
sulating vahis 
compared  with 
1  in.  hair  felt 

and  canvas 

Moulded 

0.145 
0.110 
0.125 
0.100 
0.117 
0.134 

0.007 
0.105 
0.100 
0.080 

0.388 
0.070 

0.310 
0.224 
0.300 
0.228 
0.234 
0.260 

0.103 
0.220 
0.217 
0.186 

0.777 
0.150 

1.23 
0.04 
1.12 
1.12 
1.16 

•  •  •  • 

0.04 
1.12 
1.35 
1.45 

•  •  •  • 

•  •  •  • 

136 
166 
118 
102 
110 
125 

01 

102 

04 

76 

364 
68 

0.803 
0.015 
0.879 
0.010 
0.004 
0.828 

0.052 
0.020 
0.023 
0.060 

0.263 
1.000 

Aflbestoe 

M^gnffnft 

Magnesia  and  asbestoe 

AflbestoB  and  wool  felt 

Wool  felt 

Wool  felt  and  iron 

Sectional  coverings 

Mineral  wool 

Aabestoe  sDonse 

Asbestoe  felt 

Hair  felt 

Non-sectional  coverings 

2  layers  asbestos  paper 

1  in.  hair  felt  and  canvas 

©  Thermosfaf 
H-I  First  ffoorsugop^/ 
E-E  Second  floor  Cxh, 
-^  Pipe  hangftr 
^^  Pipe  anchor 
-^^  Expansion  Joint 
<►-  Eitxx¥-kx3lnng  down 
o-  IDfJomf-looking  up 
-4»-  Tee- ioofring  doi¥n 
^>-  Tee-ioo/an^  cbwn 
t^  U  i^pecoi/ 
C2S}  Damper 
a  Toikf  exhaust 
H  Kikhen  exhaust 
cscaYfnto'pilirn 
DQ  Vsnfo-eiewhon 
r«AV  Au/o.  air  vaive 
-Sk  Ciieci<  vaive 
'^Diaphram  vafvi 
e^AngHt  wtve 
'^  5af^  vaive 
BD  Hat  water  tieafer 
RrR,f  tib^ster  or  ae^  wee 
'^SM.Jfp  or  bottom  grille 
O  A/r  naaher 


High  pressure  steam 
High  pressure  cbip 
Low  pressure  steam 
Low  pressure  return 

•^y- Low  pressure  dh'p 
Trap  discharge 
Cokenn  rtx&jtoT'pbn 
Column  radiator- Osv, 
Walt  radiator' pkxn 

/nmi  Wait  radiator-  elevahon 

«— •  Pipe  coit'ptan 

rEzI  t^pe  ooif'  elevation 
ISI  Supply  dbcf- or  ftue 

C3  Exhaust  dbct  or  flue 

Ct*^  Suf^pl/  nrgMr 

0^^  Extiaust  register 

^^HA^Tnap 

—i*^  Gatt  vatvo 

-^Ohbe  valve 
♦    WntwseaiorThenm.  hrtp 

^^SS^  Inducing  valve 

oa  Piston  pump 

9  Fan 

fi  Motor 

c^  Engine 


Fio.  33. — System  of  characters  for  use  in  drawing  plans  for  power  heating  and  ventilation. 
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Table  40. — Heat  Losses  from  Magnesia  Canvas  Covered  and  Uncovered  Pipe 

For  160-lb.  pressure  and  60-deg.  air  temperature.    For  any  other  pressure,  use  Unit  "C." 

Other  coverings  can  be  compared  by  efficiency  Table  39.) 

(Babcock  and  Wilcox) 


Sue 
of 

Unit 
of 

Thickness  of  covering  in  inches 

pipe 
(in.) 

IO08 

Bare 

H 

H 

1 

IH 

IM 

A 

697 

149 

118 

99 

86 

79 

2 

B 

950 

240 

190 

161 

138 

127 

C 

3.189 

0.770 

0.613 

0.519 

0.445 

0.410 

A 

876 

206 

172 

137 

117 

106 

3 

B 

955 

225 

187 

149 

128 

115 

C 

3.08 

0.723 

0.602 

0.479 

0.413 

0.372 

A 

1085 

247 

216 

160 

139 

123 

4 

B 

921 

210 

164 

136 

118 

104 

C 

2.97 

0.677 

0.592 

0.439 

0.381 

0.335 

A 

1326 

301 

247 

193 

166 

146 

5 

B 

908 

206 

169 

132 

114 

100 

C 

•2.93 

0.666 

0.546 

0.425 

0.368 

0.323 

A 

1555 

352 

269 

221 

190 

167 

6 

B 

897 

208 

155 

127 

110 

96 

C 

2.89 

0.655 

0.500 

0.410 

0.355 

0.310 

A 

1780 

400 

3(M 

250 

212 

188 

7 

B 

890 

200 

152 

125 

106 

94 

C 

2.87 

0.643 

0.490 

0.402 

0.345 

0.303 

A 

1994 

443 

337 

276 

235 

207 

8 

B 

883 

196 

149 

122 

104 

02 

C 

2.85 

0.632 

0.481 

0.394 

0.335 

0.297 

A 

2468 

549 

416 

337 

287 

250 

10 

B 

877 

195 

148 

120 

102 

80 

C 

2.83 

0.629 

0.477 

0.387 

0.329 

0.287 

A 

2900 

647 

490 

393 

337 

280 

12 

B 

871 

194 

147 

118 

101 

84 

C 

2.81 

0.626 

0.473 

0.380 

0.323 

0.269 

Unit  "A"  -  B.t.u.  per  lin.  ft.  per  hr. 
Unit  "B"  -  B.t.u.  per  sq.  ft.  per  hr. 
Unit  "C"  -  B.t.u.  per  sq.  ft.  per  deg.  Diff.  per  hr. 


SECTION  2 
WATER  SUPPLY  DATA  AND  EQUIPMENT 

Bt  W.  G.  Kirchoffer 


SOURCES  OF  WATER  SUPPLY 

1.  Water  in  General. — W&tcr  is  the  most  univereal  salveot  known  and  for  that  reason  ii 
never  found  pure  in  nature.  Falling  in  the  fonn  of  rain,  it  absorbs  dust  and  gases  from  the 
atmosphere;  flowing  over  and  through  the  earth,  it  absorbs  organic  and  mineral  mattera.  Pure 
water,  aa  distilled  in  the  laboratory,  is  compoeed  of  two  elcmentB,  hydrogen  and  oxygen,  in  the 
proportion  of  two  volumes  of  hydrogen  to  one  of  oxygen,  and  by  weight,  one  of  hydrogeo  to 
eight  of  oxygen.  The  term  pure  water,  as  loosely  used  in  a  commercial  or  domestic  sense, 
usually  meana  that  it  is  wholesome  and  potable. 

Surface  waters  usually  contain  organic  matter  as  well  as  mineral  matter,  but  ground  waters, 
especially  those  of  deep-seated  origin,  contain  little  or  no  organic  matter,  but  always  some  min> 
eral  matter.  The  most  common  mineral  matters  found  in  well  waters  are  the  salts  of  calcium, 
magnesium,  sodium,  iron,  silica,  potassium,  and  aluminum,  in  the  order  named.  When  water 
contains  much  lime  and  magnesium  salts,  it  is  called  hard.  These  matters  in  solution  do  not 
appreciably  increase  its  weight  until  it  beeomes  saturated  like  sea  water,  when  it  is  about  2% 
heavier  than  distilled  water. 
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»lly  >i 


weighs  83.3SS  lb.  p 


I,  decreuu  the  dumetei  of  the  fipt. 
c^rpt  H  It  chsnca  duHus  tba  procca* 

tSlb.perial.CU.B.). 


3.  Rainfall. — Rainwater,  if  obtained  before  reaching  the  surface  of  the  earth,  is  the  purest 
form  of  natural  water,  as  is  also  snow.  However,  as  soon  as  it  has  come  in  contact  with  the 
soil,  it  becomes  contaminated  owing  to  its  solvent  action.  Ice  is  also  a  very  pure  form  of 
natural  water,  as  most  of  the  substances  in  solution  arc  forced  out  into  the  surrounding  water 
during  the  process  of  freezing.     Water  that  is  contaminated  baeteriologieally,  is  purified  to  a 

TajiI/B  1. — Seasonai.  Rainfall 
(Inches  per  season) 


toeaJily 

Hpiins 

s.„„ 
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Statea 
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ia.5 

a, 66 
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3.75 
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7.0 
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great  extent  by  the  process  of  freezing,  and  ice  that  has  been  frozen  for  a  few  months  is  considered 
perfectly  safe  to  use  by  some  authorities  even  though  its  source  had  been  polluted. 

The  amount  of  rainfall  per  minute,  hour,  day,  month,  season,  or  year  raries  sreatly  in  all  pctfts  of  the  globe. 
Only  a  ceneral  notion  can  be  given  here  of  the  amounts  and  variations  in  the  United  States.  A  knowledge  of  the 
rainfall  in  connection  with  buildings  is  useful  where  the  supply  in  taken  from  a  small  stream  or  river;  where  rainwater 
is  collected  from  roofs  and  stored  in  cisterns  for  domestic  or  industrial  uses;  and  where  the  roof  areas  are  so  large 
ss  to  materially  effect  the  sise  of  rain  leaders  (down  spouts). 

The  annual  rainfall  east  of  the  Appalachian  Range  is  40  to  50  in.,  well  distributed  throughout  the  year.  West 
of  this  range  and  east  of  the  Mississippi  River  it  amounts  to  about  30  in.,  on  the  great  plains  15  to  30  in.,  between 
the  Rookies  and  Sierras,  10  to  20  in.,  and  on  the  Pacific  slope,  20  to  100  in.  The  higher  limits  are  usually  along 
the  coast  lines  and  about  the  Great  Lakes. 

The  data  given  in  Table  1  should  be  used  only  as  a  general  guide.  For  more  detailed  information,  see  United 
States  Weather  Bureau  reports  and  works  on  Hydrology. 

8.  Ground  Water. — Ground  water  is  a  term  applied  to  waters  whose  source  is  from  the  ground, 
whether  from  springs,  seeps,  or  deep  or  shallow  wells.  Ground  waters  arc  always  colder  in 
summer  and  wanner  in  winter  than  surface  waters,  except  those  very  deep-seated  waters,  such 
as  boiling  springs  and  geysers.  The  temperature  of  ground  water  below  a  depth  of  50  ft.  is 
the  same  as  the  mean  annual  temperature  for  the  locality  and  does  not  vary  from  season  to 
season.  The  tejnperature  below  this  depth  increases  1  deg.  F.  for  each  60  ft.  The  outer  crust  of 
the  earth  to  a  depth  of  50  ft.  is  influenced  by  the  seasonal  variations  of  temperature.  From 
these  facts  it  is  possible  to  predict  from  what  depth  any  water  comes  by  comparing  its  tempera- 
ture with  the  mean  temperature  for  that  locality.  Ground  waters  are  the  most  largely  used 
sources  of  water  for  domestic  purposes.  A  good  potable  water  is  one  which  is  free  from  pollu- 
tion and  contains  some  mineral  matter  which  makes  it  pleasing  to  the  taste.  Distilled  water 
is  very  flat  and  insipid. 

8a.  Drilled  Wells. — Drilled  wells  derive  their  water  from  rock  or  consolidated 
formations,  such  as  sandstones,  conglomerates,  limestones,  and  trap  rocks.  The  soft,  caving 
formations  above  the  rock  are  cased  off  with  standard  wrought-iron  pipe  or  well  casing,  which 
should  be  driven  firmly  into  the  rock  formation.  Where  possible  it  is  preferable  to  extend 
the  casing  through  any  soft  rock  formation,  such  as  shales  lying  above  the  water-bearing  rock. 
In  some  cases  wells  are  '^  grouted"  from  the  surface  of  the  water-bearing  formation  to  the  sur- 
face of  the  ground.  In  the  case  where  the  grouting  is  to  be  done  on  a  new  well,  that  portion 
of  the  well  that  must  be  grouted  is  drilled  to  a  large  diameter,  say  12  to  20  in.,  and  to  a  depth 
sufficient  to  prevent  leakage,  seepage,  etc.  The  depth  to  be  grouted  is  usually  predeter^nined 
by  a  knowledge  of  the  strata  and  should  preferably  extend  to  or  near  the  top  of  the  watei^ 
bearing  formation  from  which  it  is  desired  to  obtain  the  water.  An  outside  casing  must  be 
used  where  the  formations  above  the  rock  cannot  be  kept  from  caving  long  enough  to  permit 
of  the  completion  of  the  work. 

The  hole  at  the  bottom  of  the  grout  should  be  made  smaller,  of  a  size  just  large  enough 
to  receive  the  ''liner  "  which  should  be  seated  firmly  in  the  rock  to  a  depth  of  at  least  2  ft.  The 
liner  can  be  made  of  any  grade  of  metal  sufficiently  strong  to  withstand  handling  and  prevent 
collapse.  The  topi  of  both  the  outside  and  inside  casings  should  reach  the  surface  of  the  ground, 
or  to  the  point  where  the  water  is  to  be  taken  off.  In  the  case  of  flowing  wells,  the  liner  may  be 
used  as  the  discharge  or  suction  pipe  if  pumping  is  done,  and  would  be  directly  connected  to  the 
pump  or  horizontal  pipe.  The  space  between  the  two  casings  should  be  at  least  2  in.,  but  more 
is  desirable.  The  space  between  the  inner  casing  (liner)  and  the  drill  hole  is  filled  with  neat 
cement  grout  which  is  forced  into  the  space  by  a  hand  pump. 

The  following  apparatus  is  necessary:  a  line  of  l>i-in.  pipe,  sufficient  to  reach  within  10  ft.  of  the  bottom  of  the 
space  to  be  grouted,  a  hand  or  tank  pump,  and  a  half  barrel  or  water-tight  box  of  about  the  same  sise,  in  which  the 
grout  is  placed.  The  1  >^-in.  pipe  is  hung  between  the  liner  and  the  outside  of  the  well  and  is  so  connected  that  it 
can  be  readily  raised  as  the  filling  progresses.  The  grout  is  made  of  cement  of  such  a  consistency  that  it  will  pour 
readily  and  no  sand  is  added  to  the  grout  while  the  pump  is  in  use. 

The  yield  of  a  well  depends  upon  its  diameter,  the  water-bearing  strata  intersected,  the  depth  of  the  well  (as 
effecting  friction),  and  the  ability  of  the  pump  to  lower  the  water. 

Where  the  water-bearing  strata  is  of  a  uniform  nature  or  texture,  such  as  sandstone,  the  yield  varies  with 
the  physical  structure  of  the  strata  and  directly  with  its  thickness.  When  the  water-bearing  strata  is  not  uniform, 
such  as  limestone  and  granite,  the  yield  depends  upon  the  number  and  width  of  the  fissures. 
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The  theoretical  reifttionship  of  these  quantities  b  difficult  of  expressioii  and  interpretation,  but  for  rooch  esti- 
mates the  empirical  formula 

^      c 

holds  approximately  true  for  sandstone  formations  where  the  lowering  of  the  water  by  pumping  is  not  over  20  ft> 
and  the  diameter  of  the  well  is  6  to  10  in.     In  this  formula 

Q  ~  yield  in  gallons  per  minute. 

T  ~  thickness  of  water-bearing  formation  in  feet. 

L  a  lowering  of  the  water  in  feet. 

C  ~  a  factor  dependent  upon  the  character  of  the  formation. 

For  potsdam  sandstone,  20  is  about  right  for  a  value  of  C.     Where  L  is  more  than  20 

The  amount  of  water  that  can  be  taken  from  a  well  per  unit  of  time  depends  very  largely,  in  the  case  of  snudl 
wells,  upon  the  character  of  the  pumping  machinery.  For  example,  a  6-in.  well  may  have  a  large  capacity  due  to 
a  great  depth  of  water-bearing  rock  pierced  by  the  drill,  yet  with  a  single  acting  deep-well  pump,  it  is  difficult  to 
secure  much  over  100  gal.  per  min.  The  sise  of  a  well  should  therefore  be  made  amply  large  if  drilled  before  the 
quantity  of  water  required,  the  method  of  pumping,  and  the  depth  and  character  of  the  water-bearing  rock  are 
known  or  closely  approximated. 

The  capacity  of  wells  in  limestone  or  traprock  formations  is  difficult  to  predetermine  owing  to  the  fact  that  the 
extent  and  number  of  fissures  to  be  encountered  are  unknown.  The  quantity  of  water  will  usually  vary  approxi- 
mately with  the  thickness  of  the  formation  pierced  and  with  the  square  root  of  the  lowering.  A  good  procedure  ie 
to  test  the  well  by  pumping  before  its  completion,  and  noting  (1)  discharge  of  test  pump  in  gallons  per  minute. 
(2)  the  lowering  of  the  water  in  feet,  and  (3)  the  thickness  of  the  water-bearing  strata  encountered.  Then  from  thki 
data,  predict  the  conditions  which  would  take  place  if  the  desired  quantity  were  obtained. 

The  capacity  of  a  well  does  not  vary  greatly  with  the  diameter  so  far  as  the  ground  resistance  to  flow  is  con- 
cerned. A  large  diameter  is  of  advantage  chiefly  in  reducing  the  velocity  of  flow  within  the  well,  thus  reducing 
the  friction  and  the  advantage  of  placing  a  large  pump.  These  wells  may  be  classed  as  either  deep  (non-flowiniO 
wells,  or  artesian  (flowing)  wells,  depending  upon  whether  the  water  in  the  water-bearing  formation  is  under  enough 
pressure  to  bring  the  water  to  the  surface. 

In  cases  where  the  proposed  well  is  within  or  near  a  well  established  (developed)  community,  a  careful  study  of 
the  local  conditions  as  to  existing  wells,  will  aid  greatly  in  arriving  at  the  proper  diameter  and  probable  depth. 
Quicksand,  clays,  shales,  slates,  and  close-textiired  granites,  should  not  be  depended  upon  as  sources  of  water 
for  any  purpose,  not  even  a  country  residence.  The  total  yield  of  ground  water  that  may  be  collected  Taries  from 
0.1  to  0.5  million  gal.  per  day  per  square  mile,  and  at  one  locality,  from  1  to  3  million  gal.  per  day. 

36.  Driven  and  Tubular  Wells. — Driven  and  tubular  wells  secure  their  water 
from  the  loose  formations  above  the  solid  rock,  such  as  sand,  gravel,  or  a  mixture  of  these. 
Driven  wells  consist  of  a  "point"  attached  to  a  screen,  often  called  a  "well  point"  or  "well 
screen, "  which  in  turn  is  attached  to  several  feet  (as  may  be  needed)  of  wrought-iron  or  steel 
pipe  having  a  diameter  to  suit  the  "well  point."  These  wells  are  seldom  less  than  IJi  or  more 
than  4  in.  in  diameter.  The  points  have  openings  40,  60,  or  80  meshes  to  the  inch;  the  small 
sizes  are  usually  3  to  5  ft.  long,  and  the  larger  sizes  8  to  10  ft.  long. 

Driven  wells  are  usually  relatively  shallow,  but  in  some  cases  have  been  driven  to  depths 
of  from  400  to  500  ft.  Driving  to  such  depths  is  very  liable  to  damage  the  screen.  The  amount 
of  water  to  be  obtained  from  such  wells  is  very  difficult  to  estimate  for  the  principal  reason 
that  little  or  nothing  is  known  about  the  character  of  the  water-bearing  material  that  is  to  be 
encountered.  Even  if  the  water-bearing  strata  is  present,  the  possibility  of  getting  the  point 
entirely  within  it  is  quite  an  uncertainty.  Where  possible,  it  is  a  much  better  plan  to  use  a  tub- 
ular well.  This  is  put  down  in  much  the  same  way  as  the  casing  of  a  drilled  weU  with  the  excep- 
tion that  a  specially-designed  shoe  with  a  flange  is  used  When  the  water-bearing  sand  or  gravel 
is  reached,  the  point  is  dropped  into  the  casing  and  is  either  driven  below  the  end  of  the  casing 
or  the  casing  is  pulled  back  to  the  top  of  the  screen,  or  both  processes  of  exposing  the  screen 
may  be  used.  By  this  method  much  deeper  and  larger  wells  may  be  used,  the  point  may  be 
pulled  up  and  examined,  and  a  very  definite  knowledge  of  the  water-bearing  formation  may 
be  had  by  noting  the  character  of  the  drillings  and  the  behavior  of  the  water  levels  ^hen 
bucketing. 

The  amount  of  water  to  be  obtained  from  wells  of  this  kind  varies  greatly  according  to  the  porosity  and  cosise- 
ness  of  the  sand  or  gravel.  From  tests  of  a  large  number  of  wells  of  this  class  it  was  found  that  with  60-mesh  screens 
it  was  possible  to  secure  yi  gal.  per  min.  per  sq.  ft.  of  screen  surface  per  foot  of  lowering  of  the  water  in  the  wdl; 
that  is  to  say,  a  well  point  having  5  sq.  ft.  of  screen  and  a  lowering  of  the  water  of  10  ft.  would  supply  approii- 
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mat^  12H  Sftl*  per  min>  Wells  in  coane  gravel  will  often  supply  very  much  more  than  this  amount.  Forty 
weUa  located  in  coarse  sand  and  gravel,  yielded  under  test  an  average  of  0.084  gal.  per  min.  per  sq.  ft.  of  screen  sur- 
face per  foot  of  lowering,  with  a  minimum  of  0.45  gal.  and  maximum  of  1.152  gal.  per  min. 

Where  the  sise  of  the  sand  grains  is  small  or  the  porosity  low,  the  capacity  of  this  type  of  well  can  be  greatly 
increaaed  by  packing  the  well  screen  in  selected  gravel.  This  can  be  successfully  done  by*  using  a  well  casing  6  in. 
OT  more  larger  in  diameter  than  the  outside  of  the  screen,  and  when  the  proper  depth  is  reached,  the  well  screen 
attached  to  pipe  of  slightly  smaller  diameter,  is  put  in  place.  Then  selected  gravel  H  to  ^  in.  in  sise  is  placed 
about  and  for  some  distance  above  the  screen.     The  large  casing  is  then  drawn  by  jacks  and  the  well  is  complete. 

In  the  same  formation  and  in  identically  the  same  place,  wells  of  this  kind  have  been  known  to  give  6  times  as 
much  water  as  wells  having  a  60-mesh  well  screen  but  without  gravel.  The  screens  used  with  the  gravel-packed 
wells  are  usually  coarser  than  40  meshes  per  inch.  Besides  the  common  gause  mesh  screens,  there  axe  a  number  of 
patented  screens  such  as  the  "Cook,"  "Johnson,"  and  "Bowler." 

3c.  Dug  or  Open  Wells. — Dug  or  open  wells  are  usually  relatively  large  in  diame- 
ter,  and  shallow.  The  supply  of  water  comes  from  the  bottom  and  little  or  none  from  the  sides 
unless  it  is  excavated  in  rock  formations.  Wells  of  this  kind  are  usually  ''curbed''  with  wood, 
brick,  masonry,  or  concrete.  The  most  successful  manner  of  construction  is  to  make  a  ring  of 
concrete  of  the  desired  size,  and  after  it  has  set  sufficiently  (3  to  4  days),  lower  it  to  the  desired 
depth  by  excavating  in  the  center.  Such  wells  have  been  constructed  18  ft.  in  diameter  by  60  ft. 
deep.  Dug  or  open  wells  have  the  advantage  of  providing  some  storage  of  water,  as  well  as  a 
supply.  Their  capacity  depends  upon  the  physical  characteristics  and  thickness  of  the  water- 
bearing material,  upon  the  lowering  of  the  water,  and  upon  the  means  provided  for  its  entrance 
into  the  well.  Metal  screens  may  be  placed  in  the  walls  near  the  bottom  and  the  area  of  the 
water-bearing  material,  if  of  sand  or  gravel,  may  be  covered  with  crushed  rock  or  gravel  to  keep 
the  fine  sand  from  flowing  in.  The  well  should  be  properly  covered  to  protect  it  from 
contamination. 

The  relative  capacity  of  a  well  in  the  same  formation,  and  with  the  same  depth  and  extent  of  lowering,  varies 
so  far  as  ground  friction  is  concerned,  about  as  shown  in  the  accompanying  table,  assuming  that  the  water  comes  in 
through  the  sides  and  bottom  of  the  well  and  that  the  yield  of  a  well  1  ft.  in  diameter  is  unity. 

Well  Units  of  capacity 

2-ft.  diameter 2 .101 

3-ft.  diameter 3 .  173 

4-ft.  diameter 4 .214 

8-ft.  diameter 8 .378 

20-ft.  diameter 20 .660 

40-ft.  diameter 40.980 

From  this  table  it  is  seen  that  the  possible  yield  of  a  well  of  this  type  increases  about  as  the  diameter,  but  very 
much  slower  than  the  siirface  of  water-bearing  material  encountered  by  the  walls  of  the  well.  The  yield  of  a 
well  is  often  determined,  not  by  the  above  consideration,  but  by  the  velocity  of  water  at  which  fine  sand  may  be 
carried  into  the  well.  This  condition  should  be  guarded  against  by  properly-designed  screens  in  the  walls  of  the 
well  and  by  assorted  layers  of  gravel  placed  over  the  bottom  of  the  well  wherever  the  water-bearing  material  is  fine 
sand. 

4.  Springs. — Springs  may  be  divided  from  an  hydraulic  standpoint  into  gravity  and  arte- 
sian (pressure)  springs;  and  from  a  physical  sense,  into  seepage,  tubular,  and  fissure  springs. 
Gravity  springs  are  not  confined  between  impervious  beds,  but  flow  because  the  ground-water 
surface  is  intersected  by  the  surface  of  ground,  as  at  the  base  of  a  hill  or  along  a  bank  of  a 
stream.  Artesian  (pressure)  springs  are  confined  between  impervious  beds,  are  relatively  deep 
seated,  and  partake  more  or  less  of  the  characteristics  of  artesian  wells.  Such  springs,  if  confined 
in  a  pipe  or  concrete  basin,  may  be  forced  to  rise  several  feet  above  the  surface  of  the  ground. 

Seepage  springs  may  be  either  gravity  or  artesian,  but  usually  are  of  the  gravity  type  and  spread  out  over 
considerable  area,  as  on  a  bench  at  the  foot  of  a  bluif  along  a  river  bank.  This  condition  is  usually  accompanied 
by  a  soft  spongy  ground,  abundant  vegetation,  and  an  oily  scum  due  to  decomposition  of  vegetable  matter  with  the 
presence  of  iron  or  manganese.  Many  seepage  springs  are  very  deceiving  as  to  the  actual  quantity  of  water  flowing, 
owing  to  the  relatively  large  area  covered  and  apparent  large  quantity  of  water.  Tubular  springs  are  formed  due 
to  the  solubility  of  some  part  of  a  rock  formation  or  by  the  opening  left  by  a  decayed  root.  In  limestone,  the 
passages  may  extend  for  miles.     These  springs  are  often  periodical — that  is,  fluctuating  with  the  rainfall. 

Fissure  springs  are  always  in  rock  formation  and  are  usually  artesian.     They  escape  along  bedding  planes, 
joints,  and  cleavages  in  the  rock  formation  and  the  waters  are  usually  free  from  organic  oontaisu3DtaX\^T^«\k>aXvw^^N*^ 
highly  mineralised.    The  requisite  and  quftUfying  conditionB  for  the  ionna.\ioii  ol  «ttnmpk  «x«  «MWQieai&ci  V^ia^msa^^ 
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thoee  for  an  artesiftn  well;  vis.,  a  sufficient  rainfall,  a  collecting  area,  a  porous  inclined  bed  of  sand  or  rock  with  an 
opening  for  escape  of  the  water  at  the  lower  edge,  or  in  case  of  an  overlying  impervious  stratum,  an  upwAid  iMMMge 
for  the  water. 

Springs  may  be  contaminated  principally  in  two  ways:  (1)  by  direct  wash  of  pollution  into  the  water  m  it  merges 
from  the  ground,  and  (2)  by  infiltration  of  polluted  water  on  the  catchment  area.  The  first  may  be  prevented  by 
protecting  the  spring,  and  the  second  may  be  remedied  if  the  exact  location  of  the  collecting  area  is  known  and  the 
source  of  pollution  removed. 

5.  Infiltration  Galleries. — Infiltration  galleries  are  really  horizontal  wells  excavated  below 
the  level  of  the  ground  water.  They  are  constructed  so  as  to  leave  an  open  space  within  the 
ground  water  horizon  into  which  the  water  can  percolate  through  the  porous  sides  or  openings 
left  for  that  purpose.  They  are  often  made  of  brick,  stone  masonry,  or  some  kind  of  pipe,  such 
as  vitrified  clay  pipe.  The  supply  that  can  be  obtained  from  a  gallery  of  this  kind  depends  upon 
its  length,  depth  below  the  natural  water  level,  and  upon  the  characterstics  of  the  water- 
bearing material.  This  may  vary  from  a  fraction  of  a  gallon  to  several  gallons  per  foot  of 
gallery.  (A  12-in.  vitrified  pipe  300  ft.  long  laid  in  a  medium  sized  sand,  supplied  H  gal.  per  ft. 
when  the  water  level  was  lowered  6  ft.) 

The  Los  Angeles  Water  Company  has  a  vitrified  pipe  infiltration  gallery  4500  ft.  long  which  is  reported  to  yidd 
an  average  of  0.75  gal.  per  min.  per  ft.  of  gallery.  The  Crystall  Springs  Water  Company,  at  about  the  same  loca- 
tion, has  5368  ft.  of  similar  gallery  of  vitrified  pipe  15  to  24  in.  in  diameter,  yielding  0.755  gal.  per  min.  per  ft.  of 
gallery.  At  Grand  Rapids,  Wis.,  a  12-in.  vitrified  pipe  gallery  960  ft.  long,  laid  in  extremely  fine  sand  of  uniform 
sise,  yielded  only  Ho  of  a  gallon  per  min.  per  ft.  of  gallery. 

6.  Surface  Waters. — ^The  waters  of  lakes,  ponds,  rivers,  and  streams  are  very  liable  to  be 
polluted  and  unfit  for  domestic  use.  Waters  of  this  character,  however,  can  often  be  used  for 
commercial  and  industrial  purposes  without  treatment,  or  at  the  most,  by  filtration  through 
pressure  filters  at  rapid  rates.  In  rare  instances,  waters  from  an  extremely  large  lake  or  from  a 
river  flowing  from  an  unpopulated  territory,  are  safe  without  purification.  Where  a  safe  water 
supply  is  insufficient  in  amount  for  all  purposes  for  a  building,  water  for  flushing  of  toilets, 
scrubbing,  etc.,  can  be  taken  from  a  surface  water  supply  and  the  bubblers  supplied  from  another 
source  or  a  part  of  the  surface  water  supply  treated  for  this  purpose.  Before  such  a  source  of 
supply  is  chosen,  or  better  still,  before  the  site  of  the  proposed  industry  or  institution  is  chosen, 
the  quantity  and  permanency  of  the  supply  should  be  investigated. 

The  factors  a£Fecting  the  flow  of  a  stream  are:  drainage  area,  slope  of  surface,  character  of  subsoil,  temperature 
(evaporation),  and  rainfall.  Where  the  stream  is  large  as  compared  to  the  demands  of  the  industry,  no  detailed 
investigation  might  be  necessary,  but  where  the  stream  is  small  and  varies  in  discharge  with  the  seasons,  a  careful 
investigation  should  be  made;  also  the  character  of  the  water,  such  as  turbidity,  color,  and  mineral  and  organic 
matter  content,  shouId.be  determined  and  compared  with  the  ne(>ds  of  the  industry. 

Surface  waters  as  a  rule  contain  very  much  more  organic  matter  and  very  much  less  mineral  matter  than  do 
ground  waters.  These  organic  matters  arc  largely  of  a  nitrogenous  nature  and  are  difficult  to  remove  when  onoe 
passed  into  the  nitrate  form. 

A  conservative  estimate  of  the  quantity  of  water  available  from  any  stream  would  be  10  to  50%  of  the  precif^ 
tation,  depending  upon  the  locality  and  nature  of  the  stream.  The  rainfall  should  be  taken  for  the  average  driest 
years.  On  streams  where  the  minimum  flow  is  likely  to  be  less  or  just  equal  to  the  demand,  a  small  dam  should 
be  constructed  across  the  stream  to  impound  water  to  tide  over  the  driest  spells. 


PURIFICATION  OF  WATER 

7.  Impurities  of  Water. — Water  may  be  considered  to  be  impure  from  either  a  chemical 
or  a  sanitary  standpoint.  Mineral  matters  contained  in  waters,  if  in  suflicient  quantities, 
may  interfere  with  steam  making  and  industrial  uses,  and  if  it  contains  large  quantities  of 
alkalies,  it  will  even  be  unfit  for  domestic  use.  The  impurities  which  we  are  more  concerned 
about  are  those  of  a  sanitary  nature  and  are  of  organic  origin.  A  water  may  be  ever  so  clear 
and  of  excellent  taste  and  yet    contain  thousands  of  disease-producing  germs. 

8.  Sources  of  Pollution. — A  polluted  water  is  one  which  contains  the  wastes  from  human 
habitation.  It  may  not  necessarily  contain  disease-producing  germs  or  matters  in  which  th^ 
are  usually  found,  but  may  contain  such  other  wastes  as  to  make  the  water  unwholesome. 
"Contaminated"  is  sometimes  used  synonymously  for  the  word  ''polluted,"  but  it  is  stronger 
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and  means  that  the  water  has  and  does  contain  wastes  which  might  cause  disease  or  disorders. 
Besides  the  sewage  carried  away  from  buildings  by  sewerage  systems,  there  are  other  sources 
of  pollution,  such  as  outhouses,  slop  drains  (from  kitchens),  industrial  wastes,  decaying  animal 
matter,  and  drainage  from  farm  buildings  and  yards.  The  discharge  from  sewerage  systems 
usually  pollutes  only  surface  waters,  whereas  the  other  sources  pollute  ground  waters  as.  well. 

If  a  water  supply  must  be  taken  from  a  surface  water,  it  should  be  taken,  in  ease  of  a  stream,  far  enough  above 
the  outlet  of  the  sewer  to  be  sure  that  none  of  the  sewage  will  be  drawn  into  the  intake,  and  in  case  of  a  lake  or 
other  body  of  water,  the  intake  should  be  in  deep  water  and  removed  as  far  as  practicable  from  the  sewer  outlet, 
even  though  the  sewage  be  treated  or  purified. 

In  the  case  of  ground  waters,  it  is  more  difficult  to  trace  sources  of  pollution  to  a  water  supply.  In  general, 
ground  waters  flow  in  the  direction  of  the  slope  of  the  ground,  t.0.,  into  ravines,  dry  runs,  and  valleys.  In  all  cases 
the  source  of  water  supply  should  be  located  so  that  the  surface  drainage  will  be  away  from,  rather  than  towards  the 
well,  spring,  or  point  on  stream  where  the  supply  is  taken. 

9.  Aeration. — The  usual  process  of  purifying  water  by  aeration  is  to  discharge  it  into  the 
air  so  as  to  break  it  up  into  a  fine  spray  or  a  thin  film.  The  process  is  used  to  oxidize  organic 
matter,  remove  gases,  such  as  hydrogen  sulphide,  and  carbonic  acid  gas,  and  odors  produced  by 
aquatic  vegetation.  It  is  also  used  in  some  cases  as  a  part  of  the  process  of  removing  iron  and 
manganese. 

10.  Sedimentation. — Many  surface  waters,  owing  to  the  nature  of  the  ground  over  which 
they  flow,  contain  large  quantities  of  suspended  matter  which  may  or  may  not  be  of  a  polluting 
nature.  Many  rivers  flowing  through  a  country  where  the  surface  material  is  largely  clay, 
contain  large  quantities  of  finely  divided  clay  in  suspension.  The  process  of  sedimentation 
cither  natural  or  artificial,  is  used  to  remove  as  much  of  this  material  as  possible.  In  some 
cases  for  industrial  use,  it  is  the  only  process  needed,  while  in  other  cases  it  is  a  preliminary 
process  to  filtration,  coagulation,  or  both. 

Sedimentation  is  divided  into  two  types,  intermittent  and  continuous.  The  first  gives  no  better  results  than 
the  second,  but  in  some  cases  for  industrial  use,  it  is  more  convenient  where  the  use  is  intermittent,  to  fill  a  tank  or 
basin,  let  it  stand  from  12  to  24  hr.,  and  then  draw  off  the  clarified  water.  Continuous  sedimentation  is  the  most 
satisfactory  process  where  large  quantities  are  needed  continuously.  As  a  preliminary  process  to  coagulation  or 
filtration,  the  period  should  be  from  6  to  24  hr.,  depending  upon  the  fineness  of  the  sediment  and  upon  the  relative 
cost  of  sedimentation  basin  and  subsequent  process.  Fuller  says  that  the  economical  limit  of  plain  sedimentation 
is  24  hr.,  during  which  time  75  %  of  the  suspended  matter  b  removed. 

For  large  impounding  reservoirs  where  the  water  is  to  be  used  for  a  domestic  supply  without  further  treatment, 
the  period  of  sedimentation  should  be  three  or  more  days,  depending  upon  the  fineness  of  the  sediment.  The 
percentage  of  removal  is  greatest  when  the  amount  of  suspended  matter  is  greatest.  Twelve  hours  subsidence 
removes  about  33%,  and  24  hr.  removes  from  50  to  83%.  The  process  should  take  place  in  a  basin  or  tank  of 
proper  sise  for  quantity  to  be  treated.  The  inlet  and  outlet  should  be  made  so  that  the  velocity  wiU  be  a  minimum; 
baffles  should  be  used  to  prevent  currents  from  forming;  and  screens  should  be  provided  to  keep  out  leaves  and 
floating  matter  from  entering  the  outlet. 

11.  Chemical  Treatment. — Chemical  treatment  may  be  used  for  the  following  purposes: 

(1)  removal  of  bacteria  and  polluting  organic  matter;  (2)  removal  of  suspended  matter — 
clay,  etc.  (producing  turbidity),  and  vegetable  compounds  (producing  color) ;  and  (3)  removal 
of  iron,  manganese,  and  the  salts  producing  hardness. 

This  treatment  may  be  used  with  or  without  sedimentation  depending  upon  the  nature  of  the  case.     For  (2)  it 
is  necessary  in  all  cases  to  provide  some  sedimentation  for  effective  work.     The  coagulants  used  for  purposes  (1)  and 

(2)  are  sulphate  of  alumina,  sulphates  of  iron,  calcium  carbonate,  and  sodium  carbonate.  Sulphate  of  alumina  is 
most  commonly  used  alone  where  the  alkalinity  is  high  enough  to  produce  the  necessary  floe  or  precipitate.  The 
amount  of  the  chemicals  used  varies  from  a  fraction  of  a  grain  to  6  or  8  grains  per  gal.  depending  upon  the  character 
of  the  water.  Little  work  along  these  lines  should  be  attempted  by  the  architect  or  engineer  without  the  aid  of  a 
chemist. 

12.  Filtration — Action  and  Function. — Sand  and  gravel  have  been  found  to  be  the  most 
satisfactory  materials  to  use  in  the  process  of  filtration.  When  water  is  passed  through  a  layer 
of  these  materials,  a  large  portion  of  the  suspended  matter,  bacteria,  and  color  are  removed. 
Even  colorless  organic  matter  in  the  colloidal  form  is  partially  removed.  The  function  of  the 
filter  is  to  strain  out  the  bacteria  and  suspended  particles  and  this  function  is  performed  not 
only  by  the  sand,  but  by  the  very  organic  matter  which  it  is  sought  to  remove,  the  organic 
matter  forming  a  sort  of  gelatinous  substance  around  the  sand  grains.    That  organic  matter  does 
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tr  is  Bhownby  the  foot  th&t  a  filter  is  more  dfective4fter  it  hM  be«i  in  oper&tioii 


There  are  two  methods  of  filtntion  in  common  ubc:  {])  tfa«  slow  Autd  ptoetm,  ttod  (2)  thA  mMhAnioK]  or  npid 
•and  proceBS.  Id  (I).  th«  vatar  u  paased  through  a  bed  of  aand  and  iraval  3  to  5  ft.  thick  to  a  lyatcm  of  undtf' 
drmiiu  at  an  averace  ra(«  of  l.e  millioD  gtl.  per  acre  per  day.  Thii  process  is  ssldoni  used  for  small  inatallatioM 
such  si  would  be  used  in  coanection  with  a  buildinf.  In  (2),  mechaniGal  Glten  opentg  st  much  hicber  rate*.  100  to 
200  million  gai.  per  acre  per  day.  The  npid  filtntion  of  water  is  diatinEuished  from  slow  filtntlon,  not  alone  by 
tbe  diSertmi^e  in  the  ratea  of  flow,  but  by  aeveral  other  featurea.  such  as  the  lormation  of  the  eoUoidal  coatinc 
wMcb  naturally  diSercntiata  the  two  general  methods  of  purification. 

Mechanical  Glt«n  may  be  divided  into  Kravity  filten  acd  prissun  filters.  Gravity  Biter*  a*  the  name  toiplii^ 
■ianiBa  that  the  wstar  Bows  through  the  filter  by  (rarity. 

Onutlv  filUri  are  usually  arranged  in  two  rows,  with  a  common  water  supply  pipe,  valvee,  wa«h-w»l«r  vipm, 
mM  of  flow-controlliuc  apparatus,  cagM,  etc.,  in  a  pipe  (ailery  between  the  rows.  These  filten  are  in  round 
woodBD  or  steel  taoks  <old  type)  or  in  square  concrete  baaina  (dew  type).  The  clear  water  basin  is  usually  placed 
beneath  the  filters.  The  waah  water  required  for  mechanical  filters  La  fi  to  7  gal.  per  min.  per  aq.  ft,  of  filter  area. 
The  head  required  for  washing  is  30  ft,  or  more  depending  on  the  type  of  strsincr  used  at  base  of  filter.  The  amaunt 
of  water  used  for  waihisg  per  day  is  equal  to  a  column  ol  vatcr  6  or  6  ft.  high  over  the  entire  ares  of  the  filter. 
A  gravity  filter  haa  an  advantage  over  a  pressure  filter  iu  that  it  is  easier  to  observe  every  step  in  the  filtering 
operation.  anditiapossibletoBumine  tbe  condition  of  the  sand  at  any  time  without  ehutting  down  the  filter. 

PftMsure  flUera  are  closed  cylLndera  or  tanks  of  steel  in  which  La  placed  a  bed  of  Band  or  crushed  quarts  and 
through  which  the  water  is  forced  underpressure  (see  Fig.  I).     Other  filtering  materials  for  special  purpoaea,  such  as 

leaning  of  the  sand  bed.     During  the  waahing  process  compressed  air  ia  often  used. 


Table  2.— Trade  Data  on  American  Wateh  Softenbr  Co,'s  Wood 

Tank  Gravity  Filters 

Diameter 

Area 

(sq.  It.) 

Capacity  (gal,  per 
min.) 

8ise  inlet 
(inches) 

Weight* 

(pound.) 

Appoa.  onat  per 

lOO  gal.  p«r  min. 

capacity 

2S  ZT 

5fl 

3 

12,500 

11400.00 

22,250 

T8  M 

157 

34.500 

BTS 

DO 

113  10 

328 

50,700 

840 

>0 

307 

Ml 

78.700 

725 

JO 

22e.B8 

453 

101.400 

700  00          1 

*  Total  weight  includea 
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Table  3. — Data  on  American  Water  Softener  Co.'s  Pressure  Filters 


Diameter 
(inches) 

Area 
(eq.  ft.) 

Inlet  and  outlet  pipes 
(inches) 

Capacity 
(gal.  per  min.) 

Approximate 

shipping  weight 

(pounds) 

24 

3.1416 

IH 

6-9 

1 

1450 

30 

4.9087 

IH 

10-15 

l.SOO 

36 

7.0686 

IH 

14-21 

2,000 

40 

8.72 

2 

17-26 

2.275 

42 

9.6211 

2 

19-29 

2.400 

48 

12.5666 

2H 

25-37 

2,875 

50 

13  64 

2H 

27^1 

3,225 

eo 

19.635 

2H 

39-59 

4,250 

72 

28  27 

3 

56-84 

5,300 

78 

33   183 

3 

66-99 

6,300 

84 

38  485 

4 

78-115 

7,700 

06 

50  26 

4 

100-150 

11,350 

The  above  capacties  are  conservative.  Use  minimumoapacities  for  muddy  waters.  Where  maximum  capaci- 
ties are  exceeded,  resistance  will  increase,  the  filter  will  require  washing  more  frequently,  and  the  filtered  water  will 
not  be  of  as  good  quality. 


Table  4. — Data 

ON  International  Filter  Co.^s  Pressure  Filters 

Diameter 

Height 

Floor  space 

Capacity 

Sise  inlet 

Total  weight 

RetaU 

(inches) 

(inches) 

(in.  X  in.) 

(gal.  per  min.) 

(inches) 

(pounds) 

price 

12 

50 

24  X  24 

2.33 

1 

500 

$130.00 

16 

52 

28  X  30 

4.17 

IK 

850 

165.00 

20 

52 

32  X  36 

6.50 

IH 

1200 

220.00 

24 

53 

36  X  42 

10  00 

IH 

1650 

275.00 

30 

61 

42  X  42 

15.00 

2 

2850 

350.00 

36 

62 

48  X  48 

21.00 

2 

4000 

400.00 

42 

63 

54  X  54 

29.00 

2K 

5200 

500.00 

48 

64 

60X  60 

38.00 

2H 

5900 

575.00 

Pressure  filters,  where  no  preliminary  treatment  is  required,  are  used  extensively  for  the  reason  that  they  are 
simpler  and  cheaper  than  gravity  filters.  Filters  treating  water  for  industrial  purposes  should  always  be  provided 
with  a  by-pass  so  water  can  be  supplied  direct  in  case  filter  is  cut  out  for  repairs.  The  bacteria  removing  effioienoy 
of  mechanical  filters  is  approximately  95  %. 

13.  Raia  Water  Filters. — Besides  its  use  in  the  laundry  where  it  is  desired  on  account 
of  its  softness,  rain  water,  when  properly  aerated  and  filtered,  makes  a  wholesome  beverage. 
It  should,  however,  be  caught  and  stored  so  as  to  preserve  its  original  purity.  The  present 
methods  of  collection  and  storage  in  most  cases  are  bad.  Every  roof  is  foul  with  excrements 
of  birds,  dead  insects,  leaves,  dust,  etc.,  all  of  which  are  washed  into  the  cistern.  The  first 
part  of  every  rain  should  be  turned  off  until  the  roof  is  washed  clean.  There  are  several  auto- 
matic devices  for  this,  but  few  are  used.  It  will  not  in  most  cases  be  economical  to  attempt 
to  filter  the  water  as  fast  as  it  may  come  from  a  roof.  It  will  be  preferable  and  cheaper  to 
first  store  the  water  in  a  tank  or  reservoir  of  wood,  masonry,  or  slate,  which  should  be  located 
above  the  ground  if  possible.  From  such  a  reservoir  the  water  should  be  led  to  the  filter 
which  should  consist  of  sand  and  gravel,  similar  to  the  above  described  gravity  filters. 

The  filter  should  be  large  enough  to  care  for  the  average  daily  consumption,  or  at  least  large  enough  to  filter 
the  contents  of  the  storage  tank  before  another  rain  fills  it.  The  rate  of  filtration  should  be  between  50  and  150  gal. 
per  sq.  ft.  per  day;  a  layer  of  sand  2  ft.  deep  ia  sufficient.  If  desired,  charcoal  can  be  added  to  free  the  water 
of  undesirable  taste  and  smell.  When  the  filter  becomes  clogged,  it  should  be  scraped  to  remove  the  sediment,  but 
the  sand  and  gravel  below  should  not  be  disturbed  except  at  long  intervals,  or  when  the  filter  ceases  to  work  due  to 
severe  clogging. 

The  filtered  water  should  be  stored  in  a  clean,  tight,  and  well  protected  cistern  or  underground  reservoir,  from 
which  the  supply  for  domestic  use  is  taken.  Where  the  use  of  water  may  be  largdy  for  mechanical  or  industrial 
porpotes,  tb^  could  be  two  dstemt,  one  for  filtered  and  one  for  onfiltered  water.    In  thia  way  the  atoraga  tank 
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and  filter  could  be  made  smaller.  Upward  flow  filters  built  in  a  part  of  a  cistern  are  worse  than  sudess.  as  the 
pressure  of  the  water  will  force  a  passage  through  in  one  or  more  spots  and  thus  defeat  the  purpose  of  filtration. 
Also,  galvanised-iron  receptacles  attached  to  down  spouts  and  filled  with  oharooal*  are  only  strainers  and  do  nd 
purify  the  water. 

If  the  roof  tributary  to  the  filter  plant  has  an  area  of  1000  sq.  ft.  and  the  ordinary  maximum  rainfall  is  2  in.  per 
storm,  then  the  capacity  of  the  storage  tank  should  be  1250  gal.  and  the  filtered-water  cistern  should  have  a  capacity 
sufficient  to  tide  over  dry  spells.  A  cistern  of  10,000-gal.  capacity  (for  dimensions  see  Table  40,  page  1212)  will 
supply  400  gal.  per  day  for  about  one  month. 

14.  Removal  of  Iron. — If  iron  occurs  in  water  to  the  extent  of  0.2  to  0.3  parts  per  million 
it  will  cause  little  or  no  annoyance.  In  some  cases  0.5  parts  per  million  have  given  no  trouble. 
Where  iron  occurs  in  the  ferrous  condition  as  hydrate,  bicarbonate,  or  sulphate,  its  removal 
is  comparatively  easy  by  aeration  and  filtration,  but  where  it  occurs  as  a  chloride  or  nitrate 
or  in  the  presence  of  manganese,  organic  matter,  vegetable  acids,  or  in  a  polluted  water,  its 
removal  is  difficult.  Iron  may  be  said  to  exist  in  waters  of  three  classes :  (1)  Those  which  begin 
to  precipitate  on  exposure  to  air,  iron  in  hydrate  form;  (2)  those  which  will  hold  iron  in  solution 
indefinitely  even  when  aerated,  iron  usually  combined  with  vegetable  acid  and  appearing  in  a 
colloidal  form;  (3)  waters  which  contain  iron  in  both  forms  and  therefore  deposit  a  part, 
but  not  all,  of  the  iron  contents  after  aeration. 

The  principal  methods  of  treatment  for  class  (1)  are:  aeration,  sedimentation,  filtration,  coke  contact,  sprink- 
lers, and  filtration  through  sand.  For  class  (2):  aeration,  coke  contact,  sand  filtration,  chemical  treatment, 
sedimentation,  and  filtration.  For  class  (3) :  a  hypochlorite  with  filtration  through  chemically  treated  sand  beds, 
or  filtration  through  aged  beds  of  sand. 

Iron-bearing  waters  are  of  the  greatest  annoyance  in  the  laundry  where  they  stain  the  clothes.  Waters  of  the 
first  class  readily  give  up  their  iron  when  heated  so  that  a  simple  pressure  filter  will  remove  the  difficulty  to  a  large 
extent  if  not  overtaxed. 

Iron  also  causes  trouble  by  clogging  mains  and  service  pipes  due  to  the  presence  of  the  iron  organism,  creno> 
thrix,  which  has  the  ability  of  causing  a  deposit  of  iron  to  form  on  the  inside  of  the  pipes. 

16.  Removal  of  Manganese. — Waters  containing  manganese  are' more  difficult  to  treat 
than  those  containing  only  iron.  Where  the  same  processes  are  effective,  they  react  much 
more  slowly.  In  a  water  containing  both  iron  and  manganese,  the  iron  will  be  found  deposited 
near  the  source  while  the  manganese  will  be  found  on  the  outskirts  of  the  system  and  in  dead 
ends.  Manganese  is  no  doubt  a  much  more  troublesome  element  than  is  generally  supposed. 
Manganese  often  gives  to  the  water  a  milky  appearance  due  to  its  colloidal  form.  When  pres- 
ent with  iron,  organic  matter,  carbonic  acid,  and  vegetable  acids,  it  is  a  most  difficult  element 
to  remove.  Salts  of  sodium,  especially  a  hypochlorite,  seems  to  have  the  quickest  and  greatest 
effect  on  it  when  in  this  condition. 

The  higher  oxides  of  manganese  appear  to  have  a  very  favorable  effect  on  the  removal  of  those  of  a  lower  order, 
so  that  if  water  containing  manganese  is  applied  to  a  filter  in  which  higher  oxides  have  been  precipitated,  a  large 
percentage  of  the  manganese  in  the  water  will  be  removed.  Such  a  condition  can  be  brought  about  by  treating 
the  filter  with  manganese  sulphate,  sodium  hydroxide,  and  a  hypochlorite,  or  by  letting  the  filter  become  auto- 
matically coated  as  it  will  do  in  most  cases  if  not  disturbed.  The  rate  of  filtration  for  the  removal  of  iron  and 
manganese  varies  greatly  with  the  character  of  the  water,  but  would  generally  come  between  1000  to  2000  gaL  per 
sq.  ft.  of  surface  of  filter  per  day. 

16.  Causes  of  Incrustation. — Incrustation  of  steam  boilers,  water  heaters,  furnaces,  coils, 
etc.,  is  caused  by  deposition  of  the  following:  suspended  matter;  deposed  salts  from  concentra- 
tion; carbonate  of  calcium  and  magnesium  by  boiling;  sulphates  and  chlorides  at  temperature 
above  270  deg.  F. ;  manganese  at  high  temperature;  and  lime,  iron  soaps,  etc.,  formed  by  saponi- 
fication of  grease. 

17.  Effects  of  Incrustation. — Incrustation  reduces  efficiency  of  steam  boilers,  water 
heaters,  furnace  coils,  and  siphon  jet  closets;  causes  boiler  plates  to  become  overheated  and 
distorted,  and  in  some  cases,  causes  failures  to  occur.  Hot-water  heaters,  especially  of  the 
coil  type,  and  furnace  ''backs''  or  coils  become  so  incrusted  as  to  stop  circulation.  Hot  water 
pipe  systems  become  incrusted  to  such  an  extent  as  to  greatly  reduce  their  capacity,  if  not 
clog  them  entirely. 

Means  of  preventing  incrustations  are:  filtration;  blowing  off  boiler;  use  of  internal  collecUng  appartitoa,  or 
devices  for  directing  the  circulation;  heating  feed  water  keeps  scale  caused  by  temporary  hardness  from  entcfi^f 
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the  boiler;  uoe  of  boiler  compoundB;  introduction  of  sino  into  the  boiler;  wtkUr  toittoing.    Other  remedies  for  th< 
troubles  will  be  found  in  Art.  18. 

18.  Hardness  of  Water. — Waten  are  said  to  be  hard  because  of  their  action  upon  the  skin 
of  the  body  and  because  of  their  neutralising  effect  on  soap.  Hardness  is  of  two  kinds :  (1)  that 
caused  by  thebicarbonates  of  calcium,  magnesium,  and  iron,  which  is  called  temporary  hardness 
and  can  largely  be  removed  by  boiling;  and  (2)  that  caused  by  the  sulphates,  chlorides,  nitrates, 
and  silicates  of  calcium  and  magnesium,  which  is  called  permanent  hardness  because  boiling 
not  only  does  not  remove  it,  but,  on  the  other  hand,  tends  to  increase  it.  The  sulphates, 
chlorides,  etc.,  form  mu6h  harder  scale  than  the  bicarbonates.  Hardness  is  measured  by 
grains  per  gallons,  parts  per  100,000,  and  in  parts  per  million  in  equivalent  calcium  caibonate. 

Waters  have  been  classified  as  follows  in  parts  per  million: 

0-50 Very  soft 

50-100 Fairly  soft 

100-150 Medium 

150-200 Moderately  hard 

200-300 Hard 

A  water  containing  0  to  70  parts  per  million  of  equivalent  calcium  carbonate  is  considered  a  very  good  boflev 
water;  70  to  150,  good;  and  150  to  250,  fair. 

19.  Water  Softeners — Gravity  Type, — Waters  may  be  treated  with  chemicals  for  reduction 
of  hardness,  when  either  hot  or  cold.  There  are  two  types  of  softeners,  gravity  and  pressure, 
similar  to  filtration  plants.  The  pressure  type  can  be  used  only  to  remove  temporary  hardness 
after  the  water  is  heated,  and  when  used  with  cold  water  must  be  of  the  zeolite  type  in  which 
no  chemical  is  applied  directly  to  the  water.  Temporary  hardness  may  be  removed  by  the  ap- 
plication of  lime  alone,  but  \vhen  sulphates,  chlorides,  and  nitrates  are  present,  sodium  carbonate, 
sodium  hydrate,  or  barium  carbonate  must  be  used.  The  entire  hardness  of  any  water  cannot 
be  removed  by  any  of  these  processes,  but  they  reduce  it  to  a  point  where  it  is  not  objectionable. 

The  Am.  Ry.  Engr's  and  M'n  of  Way  Ass'n  estimate  the  amount  of  chemicals  required  to  remove  1  lb.  of 
inerustating  matter  as  follows: 

Inerustating  substance  held  in  solution  Quantity  of  reagent  (pure) 

Calcium  carbonate  0.56  lb.  lime 

Calcium  sulphate  0 .78  lb.  soda  ash 

Calcium  chloride  0 .96  lb.  soda  ash 

Calcium  nitrate  0 .65  lb.  soda  ash 

Magnesium  carbonate  1 .33  lb.  of  lime 

Magnesium  sulphate  0 .47  lb.  lime  plus  0 .88  lb.  soda  ash 

Magnesium  chloride  0 .50  lb.  lime  plus  1.11  lb.  soda  ash 

Magnesium  nitrate  0 .38  lb.  lime  plus  0 .72  lb.  soda  ash 

The  benefits  derived  from  water  softening  lay  chiefly  in  the  reduction  of  the  amount  of  soap  required,  and  in 
the  reduction  or  entire  dimination  of  incrustations  in  boilers,  heaters,  and  coils  through  which  water  passes  to  be 
used  for  bathing,  laundry  work,  and  culinary  operations.  Better  products  are  made  with  soft  water  in  such  indu*- 
tries  as  paper  making,  tanning,  dyeing,  and  bleaching. 

Pressure  Water  Softeners — Zeolite  Type. — Water  which  has  been  freed  from  suspended  and 
organic  matter,  iron,  and  other  interfering  elements,  or  water  which  contains  only  small  quan- 
tities of  these  elements,  can  be  softened  by  passing  it  through  a  bed  of  natural  or  artificial  zeolite 
20  to  40  in.  thick.  The  apparatus  is  similar  to  a  pressure  filter  (see  Fig.  1)  When  the  softener 
has  passed  a  stated  quantity  of  water,  depending  on  its  hardness,  it  has  to  be  shut  down,  drained 
out,  and  filled  with  a  10%  brine  solution.  Hie  period  of  contact  is  usually  12  to  16  hr., 
depending  on  local  conditions.  The  amount  of  salt  required  to  regenerate  the  zeolite,  ac- 
cording to  some  authorities,  is  33^  to  6  lb.  per  1000  gal.  of  water  for  each  100  parts  per  million 
of  equivalent  calcium  carbonate.  This  process  is  the  only  one  known  that  reduces  the  hardness 
to  zero  when  properly  cared  for.  The  method,  however,  is  not  suitable  for  boiler  water,  as  it 
leaves  the  equivalent  of  sodium  carbonate  which  will  cause  foaming. 

Some  of  the  advantages  of  the  se<dite  process  are: 

1.  It  is  the  only  practical  process  by  which  water  of  a  sero  hardness  can  be  produoed  on  a  large  leals. 

2.  Only  one  chemical  is  needed  (common  salt). 
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3.  Variations  in  the  hardness  of  the  raw  water  are  automatically  taken  care  of. 

4.  There  is  no  sludge  to  be  removed. 
Disadvantages : 

1.  Cost  of  operation  is  higher  than  with  lime  and  soda  ash. 

2.  Water  to  be  softened  must  be  perfectly  clear,  for  if  it  contains  turbidity,  the  porea  of  the  seolite  become 
clogged. 

3.  The  seolite  softened  water  contains  residual  sodium  bicarbonate  and  if  used  in  boilers  may  eauae  trouble  by 
foaming. 

Table  5. — Refinite  Co.'b  Zeolite  Water  Soften ebs — ^Vertical  Pressure  Ttpbs 


Diameter  (inches) 

Height 
(inches) 

Floor  space 
(ft.Xft.) 

Weight 
complete 
(pounds) 

10-hr.  capacity* 

based  on  water 

10-gr.  hardness 

(gallons) 

Approzimate 

cost  instaDed 

per  IQO  gallons 

capacity 

12 
24 
36 
48 
60 
72 
84 

60 
65 
75 
80 
82 
86 
90 

2X2 
3X3 
3X5 
4X7 
5X7 
6X9 
7X10 

750 

2.500 

3.800 

9,000 

15,000 

20.000 

26,500 

775 
3.560 
8.000 
14,000 
23,000 
32.000 
43.750 

$56.00 
26.00 
18.00 
14.00 
10.00 
9.50 
9.00 

Table  6. —  Refinite  Co.*s  Zeolite  Water  Softeners — Horizontal  Pressure  Ttpes 


Diameter  (inches) 

Length  (feet) 

Floor  space 
(ft.Xft.) 

Weight 
complete 
(pounds) 

10-hr.  capacity* 

based  on  water 

10-gr.  hardness 

(gallons) 

Approximate 

cost  installed 

per  lOO-gallons 

capacity 

96 
96 
96 

12 
14 
16 

8X17 
8X19 
8X21 

60,000 

80.000 

100,000 

108.000 
127.000 
145,000 

$8.25 
8.50 
8.75 

*  On  water  of  other  hardness,  capacity  is  inversely  proportional  to  total  hardness  in  grains  per  U.  8.  gal.     The 
salt  consumption  is  approximately  ^  lb.  per  1000  gal.  per  grain  hardness. 

20.  Interpretation  of  Bacterial  Count. — The  fact  that  a  water  may  contain  a  large  number 
of  bacteria  means  little  unless  some  knowledge  is  had  of  their  kind  and  characteristics.  There 
are  numerous  varieties  of  water  forms  which  are  perfectly  harmless  if  taken  into  the  system. 
On  the  other  hand,  a  very  small  number  of  typical  sewage  bacteria  found  in  a  majority  of  sam- 
ples, especially  in  1-cubic  centimeter  samples,  should  be  looked  upon  with  suspicion.  Ck>lon 
bacillus  appearing  in  a  few  samples  of  10  c.c.  with  no  other  characteristics  of  pollution  should 
not  be  taken  as  indicative  of  an  unsafe  water.  Water  that  is  grossly  polluted  will  usually  show 
large  numbers  of  bacteria  growing  on  both  gelatine  and  agar  together  with  liquifiers,  gas  pro- 
ducers, and  the  presence  of  colon  bacillus  in  1-c.c.  and  10-c.o.  samples.  Waters  that  aie 
occasionally  polluted  will  show  some  or  all  of  these  evidences  a  majority  of  the  time.  Ther^ore^ 
the  purity  of  a  given  water  should  not  be  determined  upon  a  single  anal3rsis  when  that  analysis 
reveals  the  fact  that  there  is  a  possibility  of  contamination. 

21.  Disinfection  and  Sterilization. — A  water  supply  is  sometimes  found  where  there  is 
no  objectionable  organic  matter  present,  but  which  may  be  subject  to  contact  with  pathogenic 
bacteria.  In  such  cases  no  treatment  such  as  filtration  is  necessary,  but  it  is  advisable  to  treat 
the  water  with  a  germicidal  agent  such  as  calcium,  sodium  hypochlorite,  or  liquid  chlorine. 
These  oxidizing  agents  may  be  applied  in  amounts  varying  from  0.2  to  0.3  parts  per  million  of 
available  chlorine  without  detriment  to  the  water. 

Where  a  water  b  pumped  from  a  source,  such  as  above  described,  direct  to  a  distribution  ssrstem,  it  la  eiv- 
tomary  to  apply  the  dose  in  the  auction  pipe,  the  rate  of  application  being  controlled  by  the  rate  of  pumiuiig. 
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WATER  CONSUMPTION 

SS.  In  General. — ^The  quantity  of  water  required  for  any  use  varies  greatly,  especially  so 
in  residences,  where  leakage,  waste,  quality,  and  temperature  are  influencing  factors.  Con- 
sumption in  cities  and  villages  is  usually  reckoned  on  the  ''per  capita"  basis  and  includes  all 
uses,  such  as  domestic,  fire,  sprinkling,  manufacturing,  and  municipal.  In  111  cities  with  a 
population  of  25,000  or  over,  the  consumption  was  as  follows:  maximum  324,  average  105, 
minimum  31  gal.  per  capita  per  day.  In  76  cities  with  less  than  25,000  population,  the  con- 
sumption was:  maximum  149,  average  61,  minimum  10  gal.  per  capita  per  day.  Per  capita 
rate  in  cities  usually  lies  between  60  and  270  gal.  per  day  with  an  average  use  of  about  100  gal. 
per  day. 

23.  Residences. — ^The  quantity  of  water  used  in  residences  must  necessarily  be  less  than 
the  above  averages  as  it  includes  only  household  use,  lawn  and  garden  sprinkling.  The  mini- 
mum and  maximum  consumption  in  a  residence  is  42  and  151%  of  the  average,  respectively. 
Minimum  usually  occurs  from  3  to  4  A.M.,  average  between  7  and  9  P.M.,  and  maximum, 
from  9  to  10  A.M.  This  will  vary  according  to  the  number  of  fixtures,  leakage,  careless  use,  etc., 
but  with  all  of  the  uncertainties,  the  average  residence  consumption  will  be  from  15  to  50  gaL 
per  capita  per  day. 

From  the  experience  of  the  army  cantonments  in  this  country,  it  was  learned  that  30  gal.  per  capita  per  day  is 
sufficient  for  all  domestic  needs,  inclusive  of  sewer  flushing,  but  exclusive  of  lawn  sprinkling  and  water  allowed  to 
run  to  prevent  f reesing. 

24.  Factories  and  Industries. — The  consumption  will  vary  greatly  with  the  nature  of  the 
work  involved,  with  the  availability  of  the  supply,  and  the  number  of,  and  character  of  the 
plumbing  fixtures  in  use.  No  hard  and  fast  rule  can  be  laid  down  for  this  class  of  consumption. 
In  Table  7  are  given  some  data  that  will  give  a  rough  notion  of  the  consumption  that  might  be 
expected. 


Table  7. — Consumption  of  Wateb  by  Factories  and  Industries 

(Based  largely  on  meter  reading) 


Character  of  plant 


Min. 


Max. 


Average 


Average  eight  factories,  engines,  machines,  and  supplies 

per  employee  per  day 

Ordinance  plants  per  employee  per  day 

Gasoline  engines  per  employee  per  day 

60  ton  sulphite  pulp  mill  per  ton 

Acid  making 

Cooling  gases 

Washing  blow  pits 

Pumping  out  blow  pits 

Wet  room 

Shipped  away  with  pulp 

Waste 

Total 

Tanning  hides  per  hide 

Coal  mine  waters  per  ton  coal 

Coal  gas  per  ton  coal  used 

Textile  trades: 

Bleaching  per  lb.  of  cloth 

Bleaching  per  lb.  cotton  waste 

Wool  washing  per  lb 

Yarn  scouring  per  100  lb 

Woolen  pieces  per  yd 

Mixing  concrete  per  cubic  yard 


24 
12 
57 


40.000 

17 

1,200 

104 


15 
24 

1 
26 

8.33 
50 


78 
33 


150.000 

50 

2,400 

136 


2.24 


150 


57 
24 


2,625 

5,664 

4,220 

34,406 

63,184 

500 

1,200 

111,880 

33 

126 
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S6.  Apartment  HcMusa. — The  oonaumption  in  apartment  houses  is  not  greatly  different 
from  what  we  would  expect  to  find  in  rwidencM,  except  that  there  is  a  conqiaratively  Bmall 
amount  of  laundry  work  done,  and  usually  no  lawn  or  garden  sprinkling.  The  meter  reading 
of  nine  of  these  apartment  houses  give  an  average  of  £0  gal.  for  this  type  of  consumption,  with 
a  minimum  of  35.4  and  maximum  of  75  gal.  per  capita  per  day.  The  meter  readings  of  13  iqwrt- 
ments,  some  having  special  uses,  give  a  minimum  of  3fi.7  gal.,  an  average  of  74.4  gal.,  and  maxi- 
mum of  181  gal.  per  capita  per  day. 

The  atis  of  tha  apArtnHDt  buildiov.  u.,  number  of  iviwrmto  apArtmecti,  dos  not  Influenoo  Ukt  par  BftpiU 
nto.  In  Urae  dtiea  ths  ooMumption  appcui 
low  nUa  tand  to  promota  Iavi*h  uaa  noil  waata 
la  uicd  for  apacial  puipaea,  auch  aa  pumping  ai 
the  connunptloD  may  mo  (rom  7S  to  ISO  gsL 
I  o[  330  J 


fint  cUia,  1 


nte  claaa.  32  sal.,  and  the  poorgat  c 


o  be  (reatar  th*n  In  inwll  dtlta.  Munidpally  ownol  planta 
of  water  aa  compared  with  privalelr  owned  plknta.  When  1 
■  (or  thermoaUt  operation,  water  tor  ooolina,  and 
par  capita  per  duy.     In  Boaton.  Dexter  Brocket 


IB.S  sal,  per  capita  per  day. 


(■!■. 


36.  Schools. — The  average  consunqitiou  (meter  readings  for  6  mo.)  of  15  schools  was  23 
gal.  per  capita  per  day,  the  minimum  of  12  public  echools  was  8.5  gal.,  and  maximum,  45  gal. 
per  capita  per  day.  Three  parochial  schools  gave  a  mimmum  of  4  gal.  &nd  a  maximum  of 
24  gal.  per  captia  per  day.     The  number  of  pupils  in  a  building  did  not  seem  to  influence  the 

rate  of  consumption. 


i^ien 

la  waa  Uugbt  and 

■bower 

hatha  uaed,  abow  a 

mlm 

mum  of  13  C.L,  1 

tim  of  *S  fid.,  with  a 

per  day,   wbereaa  li 

lehoola  where  »ith« 

domea 

u  acience  waa  taucht 

lower  bathe  oa-d. 

um  3S  lal.,  with 

•n  avence  of  10  sal.  prr  capita  per  day. 

Fto.  2. 


27.  HUk  Cond«onrlei. — Condenseries 

t  §e --i -^^'; "se  from  2  to  3  gal.  of  water  per  pound  of 

^  ni,-a..^^tj ^^-i^i.     nulk  with  a  possible  average  of  2.65  gal,  per 

*"  pound  of  milk. 

SB.  Institutions. — Institutions,  especi- 
ally those  of  state  or  public  ownership,  are 
lavish  useis  of  water  as  a  rule.  The  average 
water  consumption  for  37  institutions  was 
10*  gal.  per  capita  per  day,  20  gal.  minimum,  and  a  maximum  of  310  gal.  Of  this  numberof 
institutions,  a  Y.W.C.A.  Camp,  a  Children's  Home,  and  a  University  were  the  mimmum 
usets  of  water  with  a  consumption  of  20  to  25  gal.,  whereas  a  State  Hospital  used  thegreatest 
amount — vii.,  310  gal.  per  capita  per  day. 

The  minimum  coniumption  for  15  ilate  hoai^talg  and  aayluma  waa  SO  ebI.  per  capita  per  day.  a  mailmum  ot 
310  sal,,  with  an  avcrase  ot  03.55  gal. 

S9.  VaiiationB  in  Rates  of  Consumption. — Theconsumptionof  water  varies  with  theseasons, 
temperature,  day  of  the  week,  and  with  the  hour  of  the  day.  Seasonal  fluctuations  vary  from 
a  mimmum  of  75%  to  a  maximum  of  125%  of  the  yearly  average.  Effectof  temperature  is 
shown  by  a  record  from  Detroit,  Mich.,  on  an  extremely  cold  day  when  the  consumption  for 
the  entire  day  was  150%  and  over,  of  the  yearly  average.  This  excess  waa  waste  and  was  done 
to  prevent  freezing.  On  an  extremely  hot  day  in  the  same  city,  the  consumption  went  up  to 
175%  of  the  average.  Sunday  consumption  waa  found  to  he  from  50  to  85%  of  the  daily  avei^ 
age.  Fig,  2  illustratea  the  hourly  variation  in  consumption  in  per  cent,  of  the  average  daily 
rate  for  several  classes  of  consumption.    The  curves  represent  average  conditions  in  American 

C.  M.  SevillB,  8up"t.  ot  Waterworka,  Hartford,  Conn., 
bt  o(  ooDaumera  of  different  claaaea,  a  partial  lilt  of  wbich  ii 
MHsumptioo  of  a  tenement  houae  occupied  by  110  people,  i 
people  li  Dearly  equal  in  amount.  However,  the  duration  ol 
baisi  S  minutw  tor  tta*  rtaldmira  ud  70  mluutea  toi  the  apkrlmant  houae. 


laured  the  maiimum  rate  of  coneumption  ot  a  Dum- 

rea  in  Tabic  8.     It  will  be  not<^  that  the  maiimnm 

kpartment  occupird  by  40  people,  and  a  family  of  0 

th(«  maiimuma  hh  much  greater  lor  the  luyei  umbs. 
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Table  8. — Maximttm  Obsebysd  Rates  of  Ck>N8nMpnoN  in  Habtfobd,  Conn. 

(Joum.  N.  E.  W.  W.  Aas'n.  Dec.,  1918)  


Character  of  aervioe 


Number  of 
fixtures 


Maximum 

observed  rate, 

(gal.  per  min.) 


Sise  of  meter 
needed 
(inches) 


1.  50  rooms,  150  people 

2.  Market 

3.  School,  460  pupils 

4.  Bank 

5.  Hotel 

6.  Hotel  elevator 

7.  School,  10  room,  15  teachers,  500  pupils 

8.  Tenement  block,  110  people 

9.  Industry,  1000  employees,  hundreds  of  customers 

10.  00-2  room  apartments,  120  people  and  depart- 

ment store 

11.  Laundry 

12.  Residence,  6  people 

13.  Apartment,  12  suites,  40  people 


04 

1» 
04 
1* 
202 
1* 
56 
100 
44 

135 
15 
15 
55t 


52.5 
150.0 
150.0 
135.0 
135.0 
225.0 

45.0 
0.0 

32.25 

03.75 
225.0 
10.0 
0.6 


2 
2 
2 

H 
3 
1 

H 
IH 

3 

H 
1 


*  Elevator  lift.  t  Estimate. 

30.  Meters. — A  meter  should  be  selected  for  a  given  service  so  that  the  ordinary  rate 
of  flow  of  water  will  be  approximately  the  rate  at  which  the  accuracy  of  the  meter  is  a 
maximum.  Too  often  the  selection  of  the  sise  of  a  meter  is  governed  by  the  desire  to  cut 
down  the  loss  of  head  between  the  main  and  the  faucet,  than  it  is  on  the  rate  of  flow  in  the 
service  pipe.  Under  such  conditions,  the  service  rendered  does  not  come  within  the  limits 
of  accurate  registry  of  the  meter,  and  as  a  result  the  meter  greatly  under  registers.  To  meet 
these  conditions,  with  a  view  to  economy  as  well  as  efl&ciency,  Saville  says  it  is  desirable 
to  consider: 

1.  The  installation  of  larger  service  pipes  instead  of  larger  meters. 

2.  Proper  provision  in  the  house-piping  system,  to  meet  the  demands  of  modem  plumbing,  instead  of  install- 
ing larger  meters.  A  large-sised  riser  pipe,  acting  as  a  house  standpipe,  where  fiushometer  fixtures  are  installed, 
might  give  a  better  service  than  could  be  obtained  by  use  of  a  larger  meter. 

3.  The  selection  of  meters  properly  designed  for  the  particular  use  to  which  they  are  to  be  put.  So  far  as  ao- 
curacy  of  registration  and  durability  goes  there  seems  little  to  influence  choice  between  any  of  the  meters  now  put 
on  the  market  by  the  half-dosen  or  more  reputable  manufacturers  of  water  meters.  So  far,  however,  as  loss  of  head 
is  concerned,  meters  of  different  makes  now  on  the  market  show  considerable  variation. 

A  meter  should  be  set  where  it  will  not  freeze  and  preferably  should  have  a  breakable 
bottom.  Its  location  should  also  be  chosen  with  a  view  to  making  it  accessible  for  reading  and 
removing  for  testing. 

Table  9. — Rates  of  Use  of  Water  by  Plumbing  Fixtures 

(Adapted  from  C.  M.  Saville,  Hartford,  Conn.) 

1.  Fiushometer  closets.  Fixtures  Rate  of  use  (gal.  per  min.) 

Operating  singly 83 .75 

Three  operating  in  quick  succession 76 .0 

2.  Shower  baths. 

10  continuously 46 .0 

6  continuously .* 30 .0 

10  continuously  and  four  fiushometer  closets  operated  in  quick  succession 90.0 

3.  Urinals. 

22  operated  in  quick  succession  by  two  persons 87 .5 

4.  Hydraulic  lift 136 .0 

5.  Hydraulic  lift 150 .0 

6.  6-inch  plunger  hydraulic  elevator 226 .0 

7.  Washing  machine. 

Filling  2—150  shirt  machines 225 .0 

Filling  1  large  nutchine 127  .5 

8.  Filter  at  National  Bank »0 .0 

9.  Filter  at  school,  limit  of  capacity 172 .5 

Washing  filters 75.0 
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Table  10. — Summary  of  Data  on  Ten  Makes  of  Disk  Meters 
(Adapted  from  Savilie,  Hartford,  Conn.) 


Approz.  deUvery  in  gallons  per  minute 

Sise 

Price 

Weight 
(pounds) 

Length 
(inches) 

Height 

Diameter 
(inches) 

with  stated  loss  of  pressure 

(inches) 

(inches) 

51b. 

10  lb. 

151b. 

20  lb. 

H 

$  7.75 

10 

7H 

7H 

6Me 

8.4 

11.8 

14.5 

16.0 

H 

10.20 

13H 

9 

8 

8 

12.6 

17.8 

21.8 

25.0 

1 

13.75 

20 

lOH 

SH 

9H 

25.2 

35.5 

43.6 

50.0 

IH 

27.00 

38 

UH 

12H 

12H 

42.0 

59.0 

73.0 

85.0 

2 

45.60 

58 

i^H 

12H 

UH 

63.0 

89.0 

109.0 

130.0 

Oua 

ranteed  accu 

racy — Maximum  rate,  98  to  99  % ;  medium  rate,  98  % ;  minimum  rate,  90  to  95  %. 

• 

Table  11. — Size  of  Meter  Required 


1  to    6  families 

6  to  12  families 

12  to  18  families 

18  to  25  families 

^^-in  meter 

f^-in.  meter 

,                                      1-in.  meter 

IH-iQ.  meter 

Table  12. — Maximum  Proper  Rate  of  Flow  and  Lost  Head  Through  Disc  Meters, 
together  with  the  Length  of  Straight  Pipe  which  gives  the  Same  Lost 

Head  at  this  Rate 
(Adapted  from  C.  M.  Saville,  Hartford,  Conn.,  Tests  on  Meters) 


m 

Siie  of 

Maximum 
rate  of 

Approximate  lengths  in  feet  of  straight  pipe  to  give  same  loss 

meter 
(inches) 

flow 
(gal.  per 

Diameter  of  pipe  (inches) 

min.) 

H 

1 

IH 

2 

3 

4 

6 

8 

H 

16 

50 

165 

H 

25 

20 

70 

600 

1 

50 

20. 

160 

450 

IH 

85 

60 

170 

1250 

2 

130 

30 

80 

670 

2300 

3 

335 

•  •  • 

15 

100 

400 

2900 

4 

525 

•   ■   • 

. . . 

45 

175 

1200 

6 

900 

•    >    • 

.  .  . 

.... 

65 

460 

1000 

USEFUL  HYDRAULIC  DATA 

m 

31.  Pressure  of  Water. — Pressure  of  water  is  usually  expressed  in  pounds  per  square 
inch,  p,  and  head  or  depth  of  water  in  feet,  h. 


V  =  0.434A 
h  =  2.304p 


(lb.  per  sq.  in.) 
(head  in  feet) 


This  relationship  holds  for  a  static  condition  whether  the  pressure  or  head  is  created  by 
gravity  as  from  a  tank,  or  by  direct  pressure  from  a  pump  or  ram.  These  same  quantities 
expressed  in  pounds  per  square  foot  are 


P 
H 


62.5  £r 
a.OlGP 


(lb.  per  sq.  ft.) 
(head  in  feet) 
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The  coefficient  of  P  and  H  will  vary  slightly  with  the  temperature,  being  greater  for  tempera- 
tures near  39.1  deg.  F.  and  less  for  those  near  the  boiling  point.  For  all  practical  computations 
it  is  not  necessary  to  take  the  variation  into  consideration. 

Where  water  is  flowing  in  a  pipe  line  from  one  source,  as  from  a  tank  at  elevation  h  above  point  under  considera- 
tion, the  pressure  at  the  end  of  the  pipe  is  expressed  as  follows: 

p  -  0.434A  -  (A«  +  h/+  hi  +  hi)         (lb.  per  sq.  in.) 

in  which  hu  ^  head  required  to  produce  velocity  of  the  water,  h/  «  head  to  overcome  friction  in  the  pipe,  hi  ■> 
head  lost  at  entrance,  and  hi  ■>  head  available  at  the  end  of  the  pipe,  but  at  the  same  elevation  as  point  at  which  p 
is  measured. 

32.  Flow  of  Water  in  Pipes. — Many  scientists  have  derived  formulas  for  the  flow  of  water 
in  pipes,  from  experiments  and  theoretical  considerations. 

Table  13. — Pressure  Required  to  Raise  Water  to  Top  Story  op  Buildings  with  Top 
OF  Tank  40  Ft.  Above  Roof,  Under  Operating  Conditions;  also  Sizes  of 

Pipe  Used  Under  these  Conditions 
(Hazen  &  Williams'  tables  used  for  loss  of  head) 


Pressure  required 
(lb.  per  sq.  in.) 

Number  of 
stories 

Elevation  in  feet 

Siseof 
pipe*  to 

supply 
all  floors 

Number  of 

people 

supplied 

Gallons  per 

Building 

Top  of  tonk 

Hr. 

Min. 

34 

1 

17 

57 

1 

100 

420 

7 

39 

2 

30 

70 

IK 

200 

840 

14 

43 

3 

43 

83 

IH 

300 

1200 

20 

63 

4 

50 

90 

IH 

400 

1500 

25 

54 

5 

63 

103 

2 

500 

1980 

33 

05 

6 

75 

115 

2 

600 

2400 

40 

63 

7 

88 

128 

2H 

700 

2700 

45 

70 

8 

100 

140 

2H 

800 

3120 

52 

78 

9 

113 

153 

2H 

900 

3600 

60 

78 

10 

125 

165 

3 

1000 

3900 

65 

86 

11 

138 

178 

3 

1100 

4200 

70 

93 

12 

150 

190 

3 

1200 

4500 

75 

NoUt  on  TabU  13.— Only  one  riser  pipe  is  assumed  to  supply  building  and  the  elevation  chosen  is  sufficient  to 
give  25  lb.  on  highest  floor  from  either  municipal,  elevated,  or  pneumatic  tanlc  supply.  Friction  loss  based  on 
maximum  rate,  assumed  at  twice  the  average  for  24  hr.  20%  of  friction  loss  in  pipe  and  velocity  head  is  added 
to  cover  loss  in  elbows  and  faucets.  Where  number  of  people  are  less  or  consumption  per  capita  is  less,  the  smaller 
sises  of  pipe  can  be  extended  to  higher  stories. 

*  Supply  assumed  to  come  from  public  supply  or  private  in  basement  or  at  ground  level;  velocity  for  average 
supply  3  to  4  ft.  per  second. 

If  supply  is  to  come  from  elevated  tank  on  roof,  then  the  largest  sise  of  pipe  should  extend  from  basement  to 
roof.  Example. — (a)  What  sise  of  pipe  should  be  chosen  for  an  11-story  building  supplying  1100  people  with  tank 
on  roof?     (6)  With  municipal  supply? 

(a)  3  in.  for  full  11  stories.  (6)  3  in.  for  first  2  stories,  2H  in.  for  next  3  stories,  2  in.  for  next  2  stories,  IH  in. 
for  next  2  stories.  IK  in.  for  the  next,  and  1  in.  for  the  last  story. 

Example. — What  sise  of  pipe  should  be  used  for  a  6-story  building  supplying  1200  people  with  4500  gallons  of 
water? 

In  this  case  the  siie  should  be  chosen  for  the  supply  and  not  the  floor,  bo  a  3-in.  should  be  used.  The 
pressure  required  would  be  slightly  less  than  65  lb. 


One  of  the  simplest  and  most  commonly  used  is  the  Darcy  formula  in  which 

Iv* 


in  which  h  »  loss  of  head  in  feet. 

/  =  a  coefficient  approximately  ^0.02. 
I  —  length  of  pipe  in  feet. 
d  s  diameter  of  pipe  in  feet. 


d'2g 


(Head  lost  in  feet) 
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V  ""  velocity  in  feet  per  second. 

g  =  gravity. 

Q  «  cubic  feet  per  second. 

Tables  have  been  prepared  by  Weston,  Williams  and  Hazen,  and  others,  'showing  the  loss 
of  head  for  all  standard  sizes  of  pipes  and  covering  a  wide  range  in  discharge. 


From  the  above  formula  the  following  relationship  may  be  found: 
The  loss  of  head  (h)  varies  directly  with  the  square  of  the  discharge  (Q). 
The  loss  of  head  (A)  varies  inversely  with  the  fifth  ppwer  of  the  diameter  (d). 
The  discharge  (Q)  varies  directly  with  the  five  halves  power  of  the  diameter. 
The  discharge  varies  inversely  as  the  square  root  of  the  length  (0  and  directly  as  the  square  root  of  the  I 
head  (h). 
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88.  Head  Lost  in  Elbows,  Tees,  Valves,  Etc. — Besides  the  head  lost  in  friction  in  straight 
pipe  due  to  the  flow  of  water,  there  are  other  losses,  such  as  occur  in  elbows,  tees,  valves,  and 
meters.  The  condition  of  the  surface  of  the  interior  of  the  elbow  or  tee,  its  diameter,  and  radius, 
effect  the  loss  of  head  to  such  an  extent  that  no  very  definite  rule  can  be  made  as  to  the  amount 
of  this  form  of  loss  of  head  in  a  pipe  S3rstem.  The  loss  may  be  expressed  in  several  ways, 
but  for  convenience  it  is  best  to  express  it  in  equivalent  length  of  pipe  of  same  size.  The 
follo¥nng  extract  is  from  the  Engineering  Newe,  issue  of  June  10,  1917,  p.  38: 

The  loss  of  head  in  long  turn  elbows  2H  to  8  in.  in  diameter  for  all  flows,  is  about  equal  to  that  in  4  ft.  of  pipe 
of  same  diameter;  for  same  sises  with  short  radius,  the  loss  of  head  is  equal  to  that  in  9  ft.  of  pipe  of  same  diam- 
eter. For  tees  with  long  radius,  the  equivalent  is  9  ft.  and  with  short  radius  17  ft.  Loss  of  head  in  H-in*  bends  is 
about  equal  to  5  ft.  of  pipe. 


Tablb  14. — ^Loss  OF  Hbad  through  Pipe  Elbows 
(Bulletin  1759,  University  of  Texas) 


Diameter  of  bend  in  inches 

H 

Va 

1 

IH 

2 

2H 

8 

3H 

4 

Equivalent  length  of  straight  pipe  in  feet, 
i  ty  1  ft.  Dcr  sec 

Veloc- 

1.2 

1.7 

2  2 

3.25 

4.3 

4  9 

5  3 

5.35 

6  4 
7.3 
7.9 

7.45 

8.5 

2  ft.  per  second 

1.3 

19 

2  5 

3.75 

6   1 

8  5 

9.7 

3  ft.  per  second 

1.5 

2.1 

2.76 

4  0 

6.6 

9.2 

10.5 

In  Tables  15  and  16  are  given  all  of  the  available  data  on  the  loss  of  head  in  wide  open  valves. 
For  data  on  the  loss  of  head  in  valves  partly  open,  see  Bull.  105,  Engr.  Exp.  Station,  University 
of  niinois. 


Table  15. — Loss  of  Head  in  Gate  Valves 
(Compiled    by    Charles  I.  Corp    from    experiments  in  the  hydraulic  laboratory    of    the 

University  of  Wisconsin) 

Valves  wide  open 


Sise  of  valve  in  inches 

H 

n 

1 

2.5 

3 

4 

5 

6 

Equivalent  length  of  straight  pipe  in  feet . . 

15 

1.75 

2 

3 

3  5 

4 

4  5 

5 
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Tablb  LS. — ^Loss  or  Head  in  Glc»b,  Anole,  and  Ckbck  Valvus 

(Compiled  by  Charlea  1.  Corp  from  various  Bources,  rapredenting  pr&ctically  bU  publiahed 

data  obtainable) 


TypB  oC  ™lve 

OlotH 

ABrfe 

Cheek 

,». 

1«  in. 

2  In. 

„., 

Sin. 

IMin. 

4  in. 

.,.. 

' 

B 

A 

B 

EquJnItDt  lenith  o 

■Cnisht 

,. 

25 

30 

10 

.. 

se 

3S 

130 

GO 

200 

84.  Ratio  of  CapacitieB  of  Pipes. — It  is  often  desirable  to  know  how  maoy  pipes  of  »  giveii 
Bise  are  equal  to  one  pipe  of  a  larger  sise.  Pipe  sixes  are  to  eaoli  other  as  the  squares  of  their 
diameters  and  this  relation  is  often  erroneously  used  for  the  ratio  of  capacities.  Table  17  gives 
the  correct  relationship  based  on  carrying  capacity,  as  nearly  as  can  be  stated  for  all  rates  of 


Tablb 

17.— Ratio 

OF  PipB  CxPAciniiB 

(Diameter  of  Pipe  in  Inches) 

D». 

H 

H 

M 

K 

' 

m 

IH 

3 

3H 

3 

' 

G 

• 

' 

,. 

,. 

0.665 

0  3ST 

0  297 

0  H 

0  007 

0  MB 

OOSB 

0  m; 

0  08^ 

0  Ml 

s 

'A 

2  0 

1  a 

?o* 

0  .VI 

0   25 

0   20^ 

0  1^" 

oo" 

0  033 

0  0154 

1  n 

0  32 

0.062; 

m 

m 

40  n 

21    7 

20  s 

10  0 

tl 

27 

?*" 

0.3t 
O.SB 

0.19 
0,3* 

0  00 

0,0fi09 

0.031* 

8 

80  0 

30 .0 

tu  0 

Ifl  0 

a*  0 

Bl   0 

30  0 

!' 

ii 

3  4 

1,0 
0.2 

:s 

1,0 

0  101 

0  3* 

0  02 

4.0 

o.iw 

0  29 

1,0 
18 

0  09 

lam.— Whkt  diamatur  jniw  sbould  be  lunl  to  lupc 

ji  equlvuleDt  I-in.  pipei  from  Table  14  u  (ollowa: 

e— 1  in.  -  a— 1-in.  pipe* 
4— K  in.  -  3— 1-in.  pips 
B— >i  in.  -     2—1411.  pipM 


r  H-iD.,  and  «i«lit  H-ia. 


ivalaat  to  ooe  2>i-in.  pipe.  When  the  lotJ  numbw  ol  equivahnt  pipea  doa  not 
r.,  suppoae  the  above  total  had  been  13  imtead  oF  ten  l-io,  pipes,  we  ahould  lur  a 
-■iie  that  could  be  lued.  Il  ia  not  necenary  toalwayi  uae  1  in,  for  a  common  baae. 
re  would  hare  G—lK-fn.  plpei;  4.8— IK-in- pipea  -  1— SH-la.  pIp*.  slTlna  the  aani* 
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86.  Fire  Streams. — In  Table  18  are  given  data  upon  such  fire  streams  as  should  be  used 
from  standpipe  service  within  a  building.  These  streams  are  intended  only  for  first-aid  stream 
in  non-fireproof  buildings  or  for  small  fires  in  fireproof  buildings.  For  all  non-fireproof  build- 
ings, equipment  should  be  provided  to  supply  fire  streams  outside  of  buildings  and  from 
hydrants  on  city  or  private  mains.     Data  for  such  streams  are  given  in  Table  19. 

Table  18. — Firb  Strbam  Data  for  Standpipe  Service 


y4 

[-in.  nossle, 

H-^-  nossle. 

H-in.  noss 

le. 

H-in.  nossle. 

Elevation 

100  ft.  of  1-in 

.  hose 

100  ft.  of  IH-in.  hose 

100  ft.  of  2-in. 

hose 

100  ft.  of  2-in 

.  hose 

above  hose 

oonneotion 
in  feet 

Height 
of  jet 

Gallons 
per 
minute 

Loss  of 

head 

in  hose 

Height 
of  jet 

Gallons 

per 
minute 

Loss  of 
head 
in  hose 

Height 
of   jet 

Gallons 

per 
minute 

Loss  of 

head 

in  hose 

Height 
of  jet 

Gallons 

per 
minute 

Loss  of 
head  in 
hose 

10 

9.37 

3.6 

2.0 

9.7 

14.5 

3.0 

9.7 

22.7 

2.2 

9.8 

32.8 

4.5 

20 

17.5 

5.1 

3.0 

18.7 

20.6 

5.5 

19.0 

32.2 

4.4 

19.2 

46.2 

9.0 

30 

24.4 

6.4 

5.0 

27.2 

25.2 

7.5 

27.7 

39.4 

6.6 

28.3 

56.8 

12.8 

40 

30.0 

7.3 

7.0 

35.0 

29.6 

11.0 

36.0 

45.5 

8.3 

37.0 

65.5 

16.5 

50 

34.0 

8.1 

7.8 

42.2 

32.5 

12.8 

44.0 

50.9 

10.0 

45.0 

73.3 

19.6 

60 

37.5 

8.0 

9.7 

48.7 

35.6 

15.0 

51.0 

55.7 

12.0 

52.0 

80.3 

23.8 

70 

39.0 

9.0 

11.0 

55.0 

38.5 

17.0 

58.0 

00.1 

13.9 

60.0 

86.8 

25.0 

80 

39.4 

10.3 

12.0 

60.0 

41.2 

19.5 

64.0 

64.3 

16.0 

67.0 

92.6 

31.0 

90 

40.0 

10.9 

14.0 

65.0 

43.7 

20.0 

70.0 

68.3 

17.0 

73.0 

98.4 

34.2 

100 

40.5 

11.0 

10.4 

69.0 

46.1 

24.0 

75.0 

72.0 

19.6 

79.0 

103.7 

38.0 

Table  19. — Fire  Stream  Data  for  Hydrant  Service 


Presaure  in 

pounds  at 

nossle 


H'in. 


nossle,  100  ft.  of  2H-in. 
hose 


Height 
of  jet 


Gallons 

per 
minute 


Loss  of 

head  in 

hose 


1-in.  nossle,   100  ft. 
hose 


of  2H-in. 


Height 
of  jet 


Gallons 

per 
minute 


Loss  of 

head  in 

hose 


13^-in.  nossle.  100  ft.  of  2H'Ui, 
hose 


Height 
of  jet 


Gallons 

per 
minute 


Loss  of 
head  in 
hose 


10 
20 
30 
40 
50 
60 
70 
80 
90 
100 


17 

52 

1 

18 

93 

33 

73 

2 

35 

132 

48 

90 

2 

51 

161 

60 

104 

3 

64 

186 

67 

116 

4 

73 

208 

72 

127 

5 

79 

228 

76 

137 

5 

85 

246 

79 

147 

6 

89 

263 

81 

156 

7 

92 

279 

83 

164 

8 

96 

295 

2 
5 
7 
10 
12 
15 
17 
20 
22 
25 


36 

168 

52 

206 

65 

238 

75 

266 

83 

291 

88 

314 

92 

336 

96 

356 

99 

376 

8 
12 
10 
20 
24 
28 
32 
36 
40 


36.  Sprinkler  Systems. — The  dry  pipe  system  is  one  in  which  water  is  turned  into  the  main 
pipes  that  supply  the  pipes  in  the  building,  but  an  air  pressure  greater  than  the  water  pressure 
is  maintained  in  the  distributing  pipes.  When  a  sprinkler  is  open,  the  air  in  the  pipe  system 
immediately  begins  to  escape.  The  air  pressure  is  thus  lowered  and  water  automatically  flows 
into  the  system  and  escapes  through  the  open  sprinklers.  The  dry  system  is  desirable  only  in 
places  where  wet  pipes  will  freeze.  The  general  Underwriter's  requirements  for  proper  in- 
stallation of  sprinkler  systems  call  for  the  use  of  two  independent  water  supplies,  in  order  to 
secure  the  minimum  rate  of  insurance,  which  may  be  from  30  to  50%  reduction  on  the  total 
insurance  rates.  One  of  these  supplies  must  be  automatic  and  one  should  furnish  water  under 
heavy  pressure.    The  Underwriter's  accept  the  following  combination: 
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Public  Water  Works  and  Duplex  Steam  Pump. 

Public  Water  Works  and  Air  Pressure  Tanks. 

Elevated  Gravity  Tank  and  Duplex  Steam  Pumps. 

Public  Water  Works  and  Elevated  Gravity  Tank. 

Public  Water  Works  and  Rotary  Pumps. 

Elevated  Gravity  Tank  and  Air  Pressure  Tank. 

Elevated  Gravity  Tank  and  Rotary  Pumps. 

A  steam  pressure  of  not  less  than  50  lb.  should  be  maintained  at  all  times  on  the  pumps,  and  an  automatic 
regulator  should  be  applied  to  the  steam  pump  so  that  it  will  start  automatically  when  a  sprinkler  is  unsealed* 
therfby  furnishing  the  ssrstem  with  a  fuU  supply  ot  water. 

Table  20. — ^Loss  op  Head  in  2J^ — In.  Fibb  Hose 
Hydrant  pressure  100  lb.  (from    S.  A.  Charles) 


Length  of 
hose 

Proflsure  at 
nossle 

Loss  of  pressure 
in  hose 

Discharge  gallons 

(feet) 

(pounds  per  square  inch) 

(pounds  per  square  inch) 

per  minute 

50 

87.0 

13.0 

274 

100 

80  0 

20.0 

262 

200 

09.2 

30.8 

248 

300 

61  2 

38.8 

231 

400 

65.7 

44.3 

218 

500 

50.0 

50  0 

208 

600 

45.5 

54.5 

198 

700 

41.5 

58.5 

189 

800 

38.1 

61.9 

180 

900 

34.8 

65.2 

173 

1000 

30.0 

70.0 

161 

1500 

22.4 

77.6 

138 

Number  of  Automatic  Sprinkler  Nozzles^  Underwriter* 8  Rules. — The  approximate  number 
of  sprinkler  nozzles  for  open  joist  construction  is  one  to  every  80  sq.  ft.  of  floor  space;  for  fireproof 
construction,  one  to  90  to  100  sq.  ft.  of  floor  space.  Nozzles  are  usually  spaced  8  to  12  ft. 
apart  on  the  pipe  line  and  the  lines  10  to  12  ft.  apart,  depending  on  the  size  of  the  bays  made 
by  the  joists  and  floor  beams. 

Size  of  Pipes  and  Number  of  Nozzles 


Sise  of  pipe  (inches) 

y4 

1 

2 

l>i 

IH 

2 

2H 

3 

3H 

4 

5 

6 

Maximum  number  of 
sprinklers 

1 

3 

• 
5 

10 

20 

36 

55 

80 

140 

200 

Pressure. — The  supply  should  give  not  less  than  25  lb.  static  pressure  at  the  highest  line 
of  sprinklers  and  10  lb.  dynamic  pressure  when  the  section  is  liable  to  be  open  at  one  time. 

Tanks,  Gravity. — Capacity,  30,000  gal.,  75  ft.  from  yard  level  with  bottom  at  least  20  ft. 
above  highest  sprinkler. 

TankSj  Pressure. — Total  capacity  45,000  gal. 

Discharge  of  Sprinkler  Nozzles 
(Average  of  four  records) 


Pounds,  pressure 

5 

10 

20 

30 

40 

50 

60 

70 

80 

00 

100 

Qallons  per  min- 
ute   

12 

17.5 

25 

30.5 

35.5 

40 

44 

48 

51.5 

54.7 

58 

The  Granell  metal  disc  discharges  10%  less,  the  Walworth  10%  more  and  the  Esty  20% 
more  water  than  the  above.  The  discharge  of  theoe  sprinklers  is  about  a  mean  between  open 
^^-in.  and  >^-in.  straight  nozzle. 
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87.  Standpipe  and  Hose  Systems — Number  of  Siandpipes, — There  shall  be  one  large 
standpipe  for  2>^-m.  hose  to  each  accessible  floor  area  not  exceeding  150  X  75  ft.;  for  ll^-in, 
and  IH-IA.  first  aid  hose  streams,  one  to  each  80  X  40  ft.  of  accessible  floor  area.  First  aid 
hose  lines  must  reach  within  5  ft.  of  all  portions  of  the  building,  and  2H-in*  hose  streams  within 
10  ft.  of  all  portions  of  the  building.  2|^-in.  hose  should  have  IH-m,  nozzles ;  and  lyi-m. 
hose,  H-  to  ^-in.  nozzles. 

Tanks. — Gravity  tanks  should  have  a  capacity  of  2500  gal.  with  bottom  20  ft.  above  roof; 
pressure  tanks  same  as  for  sprinkler  systems. 

Table  21. — ^Area,  Dimensions,  and  Contents  op  Wrouoht-iron  Pipes 


Diameter 
(inches) 

Area 
(square  feet) 

Internal  area 
(square  inchest 

External  area 
(square  inches) 

Internal 
circumf. 
(inches) 

External 
ciroumf. 
(inches) 

GaUona  per 
foot  of 
leniJEth 

H 

0.0021 

0.304 

0.554 

1.957 

2  642 

0.0158 

H 

0.0037 

0.533 

0.866 

2.589 

3.299 

0.0277 

1 

0.0050 

0.861 

1.358 

3.292 

4.134 

0.0447 

IH 

0.0141 

2.036 

2.835 

5.061 

5.970 

0.1058 

2 

0.0233 

3.356 

4.430 

6.494 

7.461 

0.1743 

2H 

0.0332 

4.780 

6.492 

7.754 

9.032 

0.2483 

3 

0.0513 

7.383 

9.621 

9.636 

10  996 

0.3835 

3H 

0.0687 

9.887 

12.566 

11.146 

12.566 

0.5136 

4 

0.0884 

12.730 

15.904 

12.648 

14.137 

0.6613 

4H 

0.1109 

15 .061 

19.635 

14  .  153 

15.708 

0.829 

5 

0.1388 

19.986 

24.301 

15.849 

17.476 

1.038 

6 

0  2005 

28.890 

34.472 

19  054 

20.813 

1.500 

7 

0  2601 

38.738 

45.664 

22.063 

23.954 

2.012 

8 

0 .3470 

50.027 

58.426 

25.076 

27.006 

2.590 

9 

0 .4352 

62.730 

72.760 

28  277 

30.333 

3.260 

10 

0  5474 

78.823 

90.763 

31 .475 

33.772 

4.006 

12 

0.7854 

113.098 

127.677 

37.70 

40.05 

6.876 

Sizes  op  Standpipes  por  2H-in.  Hose  and  1)^-in.  Stream 


Pipe  sise 

Number  of 
floors 

Height  of 
building 

Number  of 
streams 

4 
6 
6 
8 

4 

12 
over  12 

55 

75 

150 

4 
6 
8 

Sizes  por  1>^-in.  and  1!{-in.  Hose  First  Aid  Streams 


2 

4 

50 

2-50    gallon  streams. 

38.  Rain  Leaders  or  Down  Spouts. — No  very  definite  rules  can  be  laid  down  for  the  runoff 
from  roofs  or  the  size  of  rain  leaders,  for  the  reason  that  there  are  so  many  modifying  conditions 
that  cannot  be  previously  judged  or  estimated.  The  entrance  to  the  down  spout  or  leader  may 
be  well  designed  but  at  the  time  of  an  unusual  storm  would  be  clogged  with  leaves  and  other 
debris.  However,  if  we  assume  favorable  conditions  to  exist,  and  that  the  head  of  water  main- 
tained by  the  rain  over  the  inlet  to  the  down  spout  is  used  to  overcome  the  resistance  at  the 
inlet  and  to  produce  the  velocity  in  the  leader  at  its  starting  point,  then  the  relationships  between 
intensity  of  rain,  areas  of  roofs,  and  sizes  of  down  spouts  are  given  in  Table  22. 

This  table  is  prepared  on  the  assumption  that  the  flooding  of  the  inlet  of  rain  leader  is  >i  in.,  ^4  in.,  and  1  in.  for 
small  (iS),  medium  ( Af),  and  large  (L)  roofs,  respectively  Intensity  of  rainfall  for  a  few  minutes,  as  15,  may  reach 
8.5  in.  in  Eastern  and  Central  United  States.  These  values  for  intensity  of  2  in.  per  hour  agree  w«ll  with  the 
following  approximate  rule: 
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For  small  roofs,  1  sq.  in.  in  sectional  area  of  the  leader  for  each  150  sq.  ft.  (rf  roof  surface;  for  medium  sised  roofs,! 
sq.  in.  in  sectional  area  of  the  leader  for  each  200  sq.  ft.  of  roof  surface;  and  for  large  roofs.  1  sq.  in.  in  sectional  area 
of  the  leader  for  each  250  sq.  ft.  of  roof  surface. 

Table  22. — Size  of  Rain  Leaders  fob  Intensities  of  Rain  and  Areas  of  Roof  in 

Square  Feet 


Intensity  of  rain  in  inches  per  hour                            1 

Size  of  rain 

Relative  si^e 

leader 

of  roof 

(diameter  in 
inches) 

1  in. 

IH  in. 

2  in. 

2Hin. 

3  in. 

3Hin. 

4  in. 

5  in. 

6in. 

S 

2H 

1728 

1150 

864 

602 

576 

404 

432 

345 

288 

M 

2H 

1018 

1278 

051 

766 

630 

548 

470 

384 

310 

L 

2H 

2407 

1605 

1205 

062 

802 

688 

620 

482 

40i 

8 

3 

2107 

1605 

1205 

062 

802 

688 

620 

482 

401 

M 

3 

2885 

1025 

1444 

1155 

062 

824 

722 

577 

481 

L 

3 

3370 

2248 

1685 

1340 

1124 

063 

843 

674 

562 

S 

4 

3840 

2560 

1020 

1535 

1282 

1008 

060 

768 

640 

M 

4 

4800 

3200 

2400 

1022 

1600 

1374 

1200 

061 

800 

L 

4 

5770 

3850 

2885 

2310 

1925 

1650 

1444 

1144 

053 

S 

5 

6000 

4000 

3000 

2100 

2000 

1715 

1502 

1200 

1000 

M 

5 

8115 

5405 

4057 

3245 

2705 

2320 

2030 

1624 

1355 

L 

5 

0620 

6420 

4810 

3850 

3210 

2750 

2405 

1025 

1606 

S 

6 

0620 

6420 

4810 

3850 

3210 

2750 

2405 

1025 

1606 

M 

6 

12000 

8000 

6000 

4800 

4000 

3460 

3000 

2400 

2000 

L 

6 

14400 

0600 

7200 

5760 

4800 

4115 

3600 

2880 

2400 

Rainfall  which  might  effect  the  sise  of  rain  leaders  or  the  size  of  cisterns  for  roof  water  are 
best  expressed  in  formulas: 

i  —  intensity  of  rain  in  inches  per  hour. 
t  •-  time  in  minutes  from  the  beginning  of  the  storm. 

British  storms 

Very  rare    i  — 

Unusual    %  •- 

Numerous  storms    %  •- 
Central  Europe 

Onoe  a  year    i  - 
Talbot's  curves  for  U.8.A. 

Eastern  states,  maximum    i  •- 

Ordinary  storms    i  * 


240 

<  +  30 

168 

t  +  30 
84 

t  +  30 

36 
<+  10 

360 

<  +  30 
105 

t  +  15 


These  formulas  are  typical  of  the  Temperate  zone.     The  numerator  of  all  of  these  formulas 
is  usually  25  times  the  maximum  1-day  rain  in  20  yr. 
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89.  Hydraulic  Rams. — The  hydraulic  ram  is  the  most  efficient  pumping  engine  known, 
because  it  is  both  a  motor  and  a  pump.  It  operates  on  the  principle  of  a  water  hammer;  that 
is,  a  quantity  of  water  in  a  pipe  called  drive  pipe  is  allowed  to  get  up  a  high  velocity  by  flowing 
freely  into  the  atmosphere  when  suddenly  a  valve  is  closed.  The  energy  of  the  moving  water 
is  then  transformed  into  pressure,  thus  driving  a  portion  of  it  to  a  higher  elevation  or  against 
a  pressure  greater  than  the  static  pressure  on  the  drive  pipe. 
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Refening  to  ^.  3,  suppose  that  the  valve  "  C"  is  open  so  thftt  the  watffi'  Altering  from 
the  drive  pipe  "^"  can  flow  out  freely.  Tiie  preaaureoa  theimdei  aide  of  "C"  will  gradually 
increase  until  the  valve  is  farced  to  its  seat.     The  energy  of  the  moving  water  equal  to 

W'^  (ftlb-pereec.) 

will  force  the  check  valve  "D"openandthuaforeesomeof  the  water  into  the  air  chamber  "£." 
The  recoil  or  "kicks"  backwards  will  close  "D"  and  open  "C,"  thus  completii^  a  cycle.  When 
the  length  and  aiieof  the  drive  pipe,  and  adjustment  of  the  valves  "C"  and  '"D"  are  proper 
for  the  given  conditions,  the  machine  will  woik  on  indefinitely  without  any  attention.  The 
only  cost  of  operation  is  the  possible  replacement  of  these  valves  once  a  year. 

Conditions  favorable  for  the  installation  of  a  ram  are:  a  supply  of  water  from  a  spring, 
stream,  or  srteeian  well,  greater  than  3  gal.  per  minute;  a  fall  or  difTerence  of  elevation  of  3  ft. 
or  more;  Ab  outlet  for  the  wastowatw;  spacefor  a  drive  pipe  of  proper  length;  and  the  ratio 


Flo.  s. 

of  faU  of  watffi'  to  lift  of  discharge  not  over  1  to  S  or  9  for  small  power  heads  and  not  over  1  to 
30  for  high  heads. 

The  amount  (q)  of  water  raised  in  gallons  per  minute  Is  given  by  the  following  formula: 


(gal.  pern 


in  which  Q  —  gallons  per  minute  available  from  source  of  supply. 
q  —  gallons  per  minute  raised  to  elevation  h. 
H  —  fall  in  feet  from  source  of  supply  to  ram. 
A  —  elevation  in  feet  above  ram  to  which  water  is  raised. 
B  —  efficiency  of  ram  (about  66?^%). 
Bams  are  made  single  and  double  acting;  single  acting  raise  a  part  of  the  water  that  is 
used  for  power,  but  double  acting  can  use,  for  instance,  a  muddy  water  of  a  stream  for  power, 
and  a  clear  water  from  an  arteeian  well  or  spring  for  the  delivered  water. 

To  dvMriiiinc  th*  pr(V«  tiw  of  nm  to  u*e,  meuun  the  tupply  (Q1  of  water  ■viilable  lor  poiru  purpoan  in 


!.  Tb«  dlKfauge  bami  W  tha\M  abt 
■o  thta  howl  ihould  1h  added  ttie  (ricti 
fr  of  the  drive  pipe  fa*  amall  ramv  shou 


water  In  lupply  to  levd  of 
aa  piHible  by  level  oi 

when  the  quantitua  of  mter  are  larse.     The  a 

velooity  at  the  powerwatar  will  be  about  l.S  [t.  i 

Tliere  are  many  malua  d  the  amaller  rama 

Co. 

To  UM  Table  S3,  tdwt  number  ol  nun  ewreepondlnc  U>  the  Soir  ot  the  atreao 
aharse  pipeaof  diameter  given  oppoaitetfaia  Dumber. 

The  lenath  of  the  drive  pipe  for  No.  1  to  No.  4  inoL  ahould  be  60  It.  or  more 
length  will  detieDd  upon  the  ratio  ol  power  head  U>  dlaeharge  head  and  ebould  be  stii 


IT  well,  provide  drive  and  die- 
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Table  23. — Tkasb  iNFORUATtoN  on  Capacities  of  Niaoaka  Rakb 


Fsllof 

Diametrr 

Flow  at  spring. 

po».^r 

Diameter  ot 

Pn 

« 

No.  of 
nm 

pip" 
(inrhe.) 

„„,..„„ 

f«t 

dischsrgL- 

pipe 
(iochca) 

DiClll 

diBGhKrgc, 

elcvmtion    in 

[«t 

Mi„ 

Mfti. 

Singlo 

Double 

°s 

I-i  to2 

.1 

40 

3S 

400 

100 

t  M 
45 

1.... 

Mi 

2 

oc 

SO 

20  1U40 

in 

400 

MO 

7( 

4SS 

H< 

BZfl 

400  10  900 

.Wl 

800 

8.000 

120( 

1350 

iM 

35 

BOO 

0,000 

180( 

m 

12.000 

2«6( 

30 

3600  to  it.OOO 

H.OSO 

34  St 

S8SS 

48 

48 

0000  lo  1.5.000 

m 

40 

24 

35 

,500 

18,000 

4475 

W.  Deep  Well  Plunger  Pumps. — Deep  well  plunger  pumpa  are  generally  used  where  ft 
relatively  email  quantity  of  water  is  desired,  or  where  the  sise  and  depth  of  the  well  will  not 
permit  the  use  of  other  types  of  pumps.    They  are  usually  single  acting,  raise  water  on  up 


T 

ABLE.  24 

—Trade  Information  on  "Pavl"  Pump 

8.   TtPE 

"ff"  Deep  Well  Ttpe 

No.  ot 

Stroke 

Up  .troke 

Motor 

»,.„.„, 

iir  (g«i- 

Siis 
drop 

W.U 

Moiimum 

Deptb  to 
wntsr  at 

pump 

permiDu 

■{iBeb») 

houi) 

(iDCbM) 

Ouche.) 

(idCb..) 

lf«t)' 

diKhuMt 

60-ff 

J 

4S 

M 

160 

m 

J 

« 

182 

60 

31-» 

104 

3 

340 

260 

51 -H 

6I-ff 

fl 

" 

2li 
2»i 

273 

2M 

IK 

310 
140 

130 

220 

SflO 

fflO 

363 

220 

140 

fi3-H 

I 

44 

m 

MO 

IH 

IH 

810 

180 

10 

40 

413 

450 

370 

M-H 

40 

2»i 

3 

IM 

300 

220 

MrH 

3>1 

3M 

4« 

IK 

64- H 

10 

40 

1147 

4 

3 

170 

90 

65-H 

10 

40 

SM 

1000 

2M 

IH 

280 

170 

S5-H 

3»i 

4H 

1310 

3 

2 

310 

130 

B8-H 

12 

40 

4H 

1587 

3 
3H 

4M 

2 

180 

M 

70 

hifhcflt  point  of  diachmrc«.  ct 
r  itecl  pump  rod  to  >ubmer(, 


n  pr— ur«  >t  pump,  (Jlow- 


tt  tb«  pump  oouTorted  into  fovt. 
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stroke  so  far  as  cylinder  is  concerned,  but  where  lift  is  above  discharge  head  of  pump,  some  makes 
have  a  differential  plunger  which  delivers  half  of  the  water  raised  by  the  cylinder  on  the  down 
stroke.  Other  makes  are  double  acting  with  two  or  more  lifting  rods,  or  one  large  one  that 
raises  water  on  the  down  stroke.  Complicated  deep  well  pumps  should  be  avoided  where 
possible. 

For  heavy  duty,  the  **  A  "  frame  tjrpe  of  head  ia  best.  These  pumps  may  be  operated  by  bdt  or  by  sears  from 
motor,  or  the  cylinder  rod  may  be  operated  by  a  direct  acting  steam  head,  which  is  very  uneconomical  in  the  use  of 
steam  and  gives  very  poor  service.  Table  24  gives  a  fair  notion  of  the  trade  sises  of  small  deep  well  pumpa  and  what 
they  will  do. 

41.  Rotary  or  Impeller  Pumps. — ^The  rotary  pump  consists  of  a  series  of  impellers  (helixes) 
on  a  shaft  placed  in  the  well,  extending  from  a  point  below  the  water  to  the  surface  of  the 
ground.  Rotary  pumps  are  used  where  the  water  is  delivered  at  the  surface  of  the  ground, 
as  for  irrigation,  or  into  a  surface  reservoir.  They  are  best  operated  by  a  vertical  shaft  motor  or 
a  cross  belt  from  other  motive  power.  They  are  particularly  adapted  to  use  where  lai^ge  quan- 
tities of  water  are  desired  from  relatively  small  and  shallow  wells  where  an  air  lift  or  turbine 
pump  could  not  be  used.  There  is  at  least  one  very  serious  objection  to  their  use  as  well  as  to 
other  deep  well  pumps  of  a  rotary  type,  and  that  is  that  all  of  the  moving  parts  are  below  groui)d 
Tirhere  it  is  difficult  to  get  at  them  for  renewal  or  repair. 

Table  25. — Trade  Data  on  Impeller  Pumps 


Sise  of  well  casing 
and  number  of  pump 

Capacity  (gallons  per  minute) 

Maximum  depth 

Price  with 
100  ft.  of  shaft 

Extra  price 

per  foot  of 

shaft 

Min. 

Max. 

6 

8 

10 

12 

15 

175 

350 

600 

1000 

2000 

400 

850 

1200 

2000 

4000 

80 
100 
110 
120 
130 

$  580.00 

750.00 

925  00 

1160  00 

1515  00 

V  •  •   •  • 

4.00 
5.00 
6.00 

Table  26.— Trade  Data 

ON  THE  Hill  Trip  Co-'s  Impeller  Pumps 

Well 
(inches) 

Weight  of  head 

without  motor 

(pounds) 

Speed   (r.p.m.) 

Capacity  per 
minute 
(gallons) 

Lift  in  feet 

Horse-power 

Diameter 

discharge 

(inches) 

6 

1800 

1200  to  1600 

200  to    400 

25  to  150 

5  to    40 

6 

6K 

1800 

1200  to  1600 

200  to    400 

25  to  150 

5  to    40 

6 

8 

2500 

1000  to  1400 

400  to    750 

25  to  150 

10  to    65 

8 

8K 

2500 

1000  to  1400 

400  to    750 

25  to  150 

10  to    65 

8 

9H 

2500 

900  to  1200 

700  to  1100 

25  to  150 

15  to    90 

10 

10 

2500 

900  to  1200 

700  to  1100 

25  to  150 

15  to    90 

10 

12 

3000 

800  to  1000 

1000  to  1500 

25  to  150 

25  to  150 

12 

42.  Air  Lift  Pumps. — The  air  lift  pump  is  ciependent  for  its  operation  on  the  principle 
that  an  emulsion  of  air  and  water  has  less  specific  gravity  than  water  alone.  The  column  of 
water  outside  the  pump  is  balanced  against  the  column  oi  air  and  water  within  the  pump  in  the 
form  of  an  emulsion.  To  bring  these  conditions  about,  the  pump,  while  in  operation,  must 
extend  into  the  water  a  sufficient  distance  to  produce  the  proper  mixture.  The  water  is  raised 
from  the  well  due  to  the  energy  stored  in  the  compressed  air  and  by  its  ability  to  absorb  heat 
from  the  water.    The  idea  that  the  operation  of  the  air  lift  pump  is  based  on  the  ejector  prin- 
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lift  pumpit^ 


ciple,  is  erroneous.    There  are  certain  terms  used  i 
which  will  be  defined  here  (see  Fig.  4). 

IcTil  of  mtsr  in  wsU  to  si 
from  la*el  of  w»t«,  when 


r  iDlet 


r  inlet  01 


Slatit  aft — IKitaDcs  in  [set 
Pumpiita  lifi — Dl*tkD»  in 
■round  —  Ar- 

Static  »vbm*rutnc9—JiiMtmnix  from  i 

pumping  itutg  —  Si, 

PitmpiHfi  tubmtrgmrt — Diftt>De«  froD 

pumplnc  —  Sy,     Umidl;  viprasfid   ai  t 

ud  (hould  vary  dictitly  witb  tlu  lift. 

Drop  or  Inrcnnir— Diatance  water  reeede*  in  well  due  to  pumplnc  and  a 

trictioD  in  the  well  ilaelf  -  difTereiiee  between  ilatje  lift  and  pumping  lift. 
BUvation — DiHtaacfl  water  ia  raiaed  above  ground  *  B, 
Talal  lifi^H  -h,+S-k,  +  (,8,-S.1  +  S.     {Head  in  feet) 
Air  pip( — Pipe  leading  aomproMd  air  from  eurfaee  of  ground  to  air 


at  the  toUl  length  of  tl 


Bdaetion    pijH — The   pipe   or   wi 

Lt«. 

CMting  with  oriBce, 


I  the  emulsion  of  air  and 


which  the  lur  and 

Air  Pump  Derign. — There  are  90  many  factors  entering  into  the 
operation  of  the  air  lift  pump  that  no  hard  and  fast  rules  can  at  this 
time  be  laid  down  for  its  design,  or  for  its  selection  for  a  given  set  of 
conditions. 

Table  27. — Thasb  iNroHMATiON  on  Am  Lift  Puups 
8iie  and  Capacities  of  Indiana  Air  Pumps 


BiKofpump 

Minlnum  nK 

Minimum  use 

Maximum  eapadtjr  in  gal- 

and di»:harge 

of  cuing 

of  air  line 

lons  per  mlnuts  W  to 

(inchta) 

(inches) 

(inchs) 

I 

"H 

H 

6-     10 

m 

3 

M 

10-     30 

IM 

3H 

H 

JO-     30 

4 

BO-     67 

2H 

*H 

« 

U-     8S 

5»j 

H 

120-  1B8 

3H 

180-  37B 

m 

235-325 

«H 

7H 

I 

37&-  400 

350-  eoo 

&fiO-1000 

lOM 

IH 

750-1200 

11>( 

IM 

1000-1500 

1250-2000 

10 

li 

2 

ieoo-3500 

Table  28. — Size  Awn  Capacity  or  Sullivan  Air  Lifts 


Hi»  discbarge 

Diimetn  weD  head 

(inches) 

(Esllona  per  minute) 

(ineha) 

weight  (pounds) 

1 

S 

56 

m 

10 

i.W 

86 

50 

126 

m 

76 

136 

3 

100-  160 

3Ji 

150-  200 

17S 

4 

200-  300 

lU 

4ti 

300-  3B0 

300 

350-  000 

150 

BOO- 800 

10 

aws 

7 

SOO-ISOO 

Vl 

\  — T! 
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Trade  catalogs  give  the  following  information  as  to  proper  submergence: 
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For  lifts  up  to    50  ft 70  to  06%  submergence 

50  to  100  ft 66  to  55%  submergence 

100  to  200  ft 55  to  50%  submergence 

200  to  300  ft 50  to  43%  submergence 

300  to  400  ft 43  to  40%  submergence 

400  to  500  ft 40  to  33%  submergence 

Some  commercial  authorities  state  that  the  area  of 
the  cross  section  of  the  eduction  pipe  should  be  1  sq.  in. 
to  each  12  to  15  gal.  pumped  per  min.  Other  authorities, 
such  as  Ivens,  state  that  the  inlet  velocity  of  the  air  and 
water  should  not  be  greater  than  10  to  12  ft.  per  sec.  at 
the  foot  piece  and  20  to  25  ft.  at  the  point  of  discharge. 
The  size  of  the  air  pipe  can  be  determined  roughly  by 
fixing  the  maximum  velocity  of  the  compressed  air  at 
inlet  at  50  lin.  ft.  per  sec.  (for  capacities  of  pipes  on  this 
basis  see  Table  29). 

The  quantity  of  free  air  (at  atmospheric  pressure) 
per  minute  required  per  gallon  of  water  pumped,  is  ghren 
approximately  by  the  following  formula: 


Va 


H 


Clog 


Sp  +  U 
34 


(Cu.  ft.  air  per  gal.) 


in  which  Va  ^  cu.  ft.  of  air  per  min.  per  gal.  of  water 
pumped. 

H  and  Sp  are  as  given  above. 

C  B  a  factor  which  varies  as  follows: 


Lift  in  ft. 

10  to    60 

61  to  200 

201  to  500 

501  to  650 

651  to  750 


Value  of  C 

245 
233 
216 
185 
156 


The  value  of  Cfor  ideal  conditions  (100%  efficiency) 
with  no  loss  of  head  in  friction  or  velocity  is  580,  and 
with  this  value  the  above  formula  is  theoretically  correct 
assuming  no  losses.  However,  these  are  partially  cared 
for  in  the  values  of  C  to  be  applied  to  a  given  condition. 

It  has  been  found  in  practice  that  for  ordinary  lifts 
the  submergence  should  be  about  60%  of  the  entire 
length  of  the  pump  when  the  pump  is  in  operation. 
There  is  no  limit  to  the  lift  so  long  as  the  well  is  deep 
enough  to  provide  the  proper  submergence,  and  providing 
the  compressor  has  sufficient  strength  and  power  to  pro- 
duce the  compressed  air  at  the  required  pressure. 

The  pressure  required  to  operate  an  air  lift  ptunp 
depends  entirely  upon  the  submergence  and  upon  the 
friction  in  air  pipe,  elbows,  valves,  and  foot  piece.  The 
low  efficiency  of  many  air  lift  pumps  is  no  doubt  caused 
by  large  losses  in  air  pipes,  small  openings  in  nozzle  at 
foot  piece,  etc.,  rather  than  in  the  real  act  of  pumping 
the  water. 
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Advantages  of  air  lift: 

1.  Any  number  of  wells  and  at  any  distance  apart  may  be  pumped  by  one  power  plant. 

2.  More  water  can  be  secured  from  the  same  weUs  than  by  any  other  system. 

3.  Sand  no  obstacle,  except  as  it  may  erode  the  pipe  or  decrease  the  efficiency. 

4.  Improvement  in  the  character  of  the  water,  due  to  aeration,  as  to  purity  and  solubility. 

5.  All  machinery  and  moving  parts  are  above  ground  where  they  can  be  looked  after.     No  oiling,  no 
breakdowns. 

6.  Reduction  in  temperature,  due  to  absorption  of  the  heat  in  the  water  by  the  air. 

7.  Sustained  efficiency. 

Limitations  of  system: 

Quantity  of  water. 

Submergence. 

Vertical  not  horizontal  discharge. 

There  are  three  principal  systems  in  use,  defined  according  to  the  arrangement  of  piping : 
the  outside  air  pipe,  the  central  air  pipe,  and  the  central  discharge  pipe  system. 

Illustrative  Problem. — A  well  500  ft.  deep,  and  8  in.  in  diameter,  will  supply  250  gal.  per  min.  when  the  pump- 
ing head  is  65  ft.  and  the  drop  15  ft.  It  is  desired  to  raise  the  water  10  ft.  above  the  surface.  Here  Hp  i-  75  ft., 
S  should  be  65%  or  112.5  ft.,  and  total  length  of  pump,  187.5  ft.  The  sUrting  pressure  will  be  112.5  X  0.434  - 
48.8  lb. 

From  the  above  equation  for  Fa  with  C  •-  233,  we  have  required  0.51  cu.  ft.  of  air  per  gal.  or  a  total  amount 

(130)  (14  7) 
required  of  250  X  0.51  -  127.5,  say  130  cu.  ft.  per  min.     The  volume  of  this  air  at  50  lb.  pressure  is  50  4-  14  7 

*  20.5  cu.  ft.  per  min.  -i  0.492  cu.  ft.  per  sec. 

0.492 
Velocity  of  air  in  l>^-in.  air  pipe  ■>  q  Q.23  *  ^0  ft.  per  sec.,  which  is  a  reasonable  velocity. 

To  find  the  sise  of  the  eduction  pipe,  add  29.5  cu.  ft.  of  air  to  38.5  cu.  ft.  (250  gal.)  of  water  >  68  cu.  ft. 

1.333 


per  min.  —  1.333  cu.  ft.  per  sec.     At  a  velocity  of  10  ft  per  sec.,  the  area  of  pipe  will  equal 


10 


-  0.1333sq.ft 


i>  about  a  5-in.  pipe. 

43.  Power  Pumps. — There  are  many  types  and  styles  of  power  pumps  on  the  market,  but 
the  most  satisfactory  and  efficient  type  for  suction  lifts  is  the  single  acting  triplex  pump.  These 
pumps  are  made  in  almost  all  diameters  and  strokes  from  1  to  12  in. 

Table  30  is  not  trade  data,  but  is  compiled  for  the  sises  given  based  on  the  theoretical  displacement  of  the 
plungers.  In  actual  practice  there  would  be  a  slippage  of  5  to  8  %  which  would  reduce  the  discharge  by  this  amount. 
The  efficiency  of  well  designed  standard  makes  is  not  far  from  75%. 


Table  30. — Sizes  and  Gapacitibs  op  Single  Acttno   Triplex  Power  Pumps. 
BELOW  7  X  10  AT  60  R.  P.  M;  above  this  45  K.P.M;  gallons  per  Hour 

IN  Body  op  Table) 
Length  of  stroke 


(Subs 


Diameter 

3 

4 

4H 

5 

6 

8 

10 

12 

1 

110 

147 

m 

248 

331 

372 

414 

2 

441 

588 

661 

735 

2H 

917 

1031 

1146 

1225 

3 

1322 

1490 

1653 

1984 

3H 

1800 

2025 

2250 

2700 

4 

2352 

2648 

2940 

3528 

4704 

5.880 

5.286 

4H 

3347 

3765 

4601 

5950 

7,440 

6.700 

5 

4590 

5508 

7344 

9.180 

8.262 

6 

7920 

10,560 

13,200 

11.899 

7 

14,360 

13.500 

16.191 

8 

18.750 

17.620 

21.180 

0 

22.500 

26.780 

10 

27,580 

33.080 

11 

39.920 

12 

47,620 
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44.  ReBidential  Pumping  Ranta. — The  type  of  pluit  to  select  for  reaidencee  will  depend 
largely  upon  the  source  of  water  supply,  and  if  from  a  well,  whether  a  suction  or  deep-well 
pump  will  be  required.  Where  electric  cuneat  is  available,  pumps  are  usually  operated  by 
motor.  A  number  of  manufacturera  are  now  making  standard  equipment  consisting  of  pump, 
motor,  automatic  controller,  and  storage  tanks.  These  plants  can  be  controlled  at  any  desired 
pressure  between  limits  of  15  to  20  lb.  apart.  Where  current  is  not  available,  gasoline  engines^ 
wind  mills,  or  hand  pumpa  may  be  used.  A  typical  pumping  plant  is  shown  in  Fig.  G.  Tables 
SI  and  32  give  trade  data  on  typical  residential  pumping  plants. 


Table  31. — ^Tradb  Data  or  thb  Paoi.  Type  "G"  Motor  Dbiven  Pump 


i 

af 

Slieo 

s. 

Bce  iKcup 

«l 

1 
III 

p,K,_00  . 

yd^  110  or 

(incha) 

1 

1 

!I 

. 

■3 

^ 

c3 

•3| 

1 

1 

i 

1 

III 

I' 

? 

£ 

B7-K. 

100 

so 

W 

21 

Bii 

23H 

100 

>  70.00 

S  S6.00 

S3-G.M. 

l* 

300 

60 

H 

IG 

28« 

BO 

m 

bin 

19M 

30Ji 

S4-G.M. 

= 

1140 

su 

iH 

61H 

asji 

34?J 

726 

376.00 

386  00 

Table  32.— Tbadk  Data  on 

Pdmpino  Unit,  SncriON  Ttpb, 
TJtilitieb  Co. 

Kewaneb  Private 

NuidIkc 

1'i.ton 

1 
1 

.1 

I 
1 

1 

1 

1 

1 

1- 

1 
1 

1 

1 

1 

■B 
1 

1. 

11 

1  8 

|I 

3S-D 

2>i 
3>i 

4M 

54 

lo:S 

1000 

T5-1S0 
90 

H 

2 

.K-. 
iM-lJi 

iH-m 

24X<6 

45 

1T60 
1760 

400 
700 
700 
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46.  Centrifugal  or  Turbine  Pumps.— Centrifugal  pumps  are  made  in  all  sizes  and  for  pres- 
sures within  reasonable  limits.  They  are  also  made  with  impellers  to  give  almost  any  character- 
istics of  discharge  and  head  relationship  that  might  be  desired,  and  are  built  in  one  or  more 
stages  according  to  the  head,  speed,  and  ideas  of  the  designer.  They  are  most  efficiently  oper- 
ated by  electric  motor  directly  connected  to  the  shaft  of  the  piunp.  The  efficiency  of  these 
pumps  varies  from  45%  for  small  quantities  of  discharge  to  80%  for  large  quantities  of  dis- 
charge against  high  heads. 

Some  of  the  advantages  of  centrifugal  pumps  are:  low  first  cost,  no  loss  of  energy  in  transmission  of  power 
from  motor  to  pump,  quiet  running,  handles  muddy  or  gritty  water  with  less  wear  than  displacement  pumps, 
needs  little  attention,  and  occupies  less  space  than  other  types  of  pumps. 

Some  of  the  disadvantages  are:  all  air  must  be  expelled  from  the  pump  when  starting,  to  insure  that  it  will 
pump  water;  the  efficiency  for  small  sises  is  less  than  that  of  plunger  pumps:  and  they  are  possibly  shorter  lived 
than  plunger  pumps. 

46.  Fire  Pumps. — Fire  pumps  may  be  steam,  rotary,  centrifugal,  or  power  pumps,  and  of 
capacities  of  500,  750,  1000.  and  1500  gal.  per  min.  supplying  2,  3, 4,  and  6  fire  streams  of  250  gal. 
each  and  capable  of  giving  a  pressure  of  100  lb.  per  sq.  in.  Size  of  pump  should  be  chosen  to  suit 
the  conditions,  but  before  doing  so,  the  local  authority  of  the  Underwriter's  should  be  consulted. 

47.  Fire  Engines. — Standard  fire  engines  have  the  same  capacities  as  Underwriter's  pumps, 
i.e.,  500,  750,  1000,  and  1500  gal.  per  min. 

48.  City  Water  Lifts. — Where  city  water  is  available  for  power  and  it  is  desired  to  pump 
some  other  liquid,  as  cistern  water,  a  "city  water  lift"  or  "water  motor"  may  be  inserted  in  the 
main  supply  line  to  the  fixtures.  Whenever  any  water  is  drawn  by  a  fixture,  a  corresponding 
amount  of  cistern  water  is  raised  by  the  pump.  These  pumps  are  made  in  several  sizes,  but 
for  illustration,  one  was  chosen  that  would  use  240  gal.  per  hr.  of  city  water.  In  Table  33  are 
given  the  number  of  gallons  of  cistern  water  raised  per  hour  to  elevations  given  at  the  top  of  the 
table  by  240  gal.  per  hr.  under  the  pressures  given  in  the  right-hand  column. 

To  find  the  number  of  gallons  raised  to  any  other  height,  divide  factor  at  right-hand  by 
the  desired  height.     Pump  efficiency  «  85%. 

lUustrative  Problem. — How  many  gallons  of  cistern  water  will  be  raised  to  elevation  of  80  ft.  by  240  gal. 
of  city  water  under  50  lb.  pressure? 

Under  column  "  80  feet."  Table  33,  and  opposite  "  50  lb.,"  read  "  204  gal.  per  hr." 


Tablb  33. — CiTT  Watbb  Lifts 
Cistern  water  lift  in  feet 


City 

pressure 

lb.  per 

60 

65 

70 

75 

80 

85 

90 

95 

100 

Factor 

sq.  in.) 

15 

118 

109 

7.081 

20 

131 

121 

112.5 

7,863 

25 

181 

168 

157 

147 

138.5 

131 

124 

117 

11.773 

30 

202 

188 

176.6 

166 

157 

148.5 

141 

14.110 

35 

235 

220 

206 

194 

183 

173.5 

164.7 

16.465 

40 

269 

252 

236 

222 

201 

198.5 

188.7 

18.870 

45 

295 

277 

261 

246 

233 

212.2 

21.216 

50 

313 

294 

276 

261 

247 

234.6 

23.460 

55 

324 

305 

288.5 

273 

259.25 

25.925 

60 

333 

314 

298 

283 

28.305 

49.  Horsepower  Required  to  Raise  Water. — ^The  actual  power  required  to  raise  water  by 
any  pump  depends  very  largely  upon  the  efficiency  of  the  particular  type  and  make  of  pum^ 
under  consideration.     Most  triplex  power  pumps  and  some  ixi«k.^fi^  q\  ^^sc^T&^&s|^  v^xi!^^^s^!^ 
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pumps  give  an  eflicieacy  of  75  to  80%.  Single  acting  deep  well  pumps  and  impeller  pumps 
give  an  eflicieacy  of  3S  to  60%.  A  well  designed  air  lift  pump  should  give  an  effioieoicf  of 
30  to  46%. 

e  pump)  !■  most  fiaailr  computed  bj 
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BO.  Windmills. — From  Table  34  it  will  be  seen  that  the  oitly  available  winds  ara  those 
blowing  with  a  velocity  of  from  8  to  25  mi.  per  hr.,  and  tbat  a  15-mile  wind  can  be  utilised 
to  best  advantage.  It  is,  therefore,  beat  to  "load"  a  windmill  for  a  IS-mile  wind.  It  then 
starts  pumping  in  an  8-mile  wind,  does  excellent  work  in  a  16-mile  wind,  and  reaches  the 
maximum  results  in  a  26-mile  wind. 


Table  34. — Velocity  and  Action  op  WiNns 


(mile*) 

Hluin  foot 
(pound!) 

Action  of  wind  >nd 

3 

OMS 

WindmiU  wiU  not  run. 

O.IM 

PleuftDt  .ind 

Micht  etut  if  liihtly  loxled. 

Fmh  br«H 

Wai  .t«t  pumping. 

10 

O.S 

Awrwre  wind 

i.ias 

Good  «orkia» 

Do«  eioellent  work. 

Strong  wind 

2S 

3. 125 

Very  "troag  wind 

30 

Gale 

Should  b«  furled  out  of  wind. 

Storm 

60 

12,5 

3ev««  euirm 

\towenufellpiop«tly  erected 

60 

IS.O 

Violent  ttorm 

Building.,    tree.    etc..   ntlbt  be 

iojured. 

80 

32.0 

HurriuDe 

BuildmgB.  trea.  etc..  would  be 
injured. 

100 

50.0 

Tornwic. 

Ruin. 

Table  36.— 

Tbade  Data 

on  Winb  Mills 
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Table  35  is  not  designed  to  show  what  windmills  can  do  in  extremely  favorable  cases  in  high  winds,  but  it  shows 
what  windmills  actually  do  under  average  conditions  when  properly  loaded.  It  is  based  on  a  wind  velocity  of 
15  mi.  per  hr.,  and  shows  the  number  of  strokes  per  minute  made  by  a  properly  loaded  windmill  in  such  a  wind,  and 
the  useful  horsepower  developed  as  measured  by  the  work  performed  in  pumping  and  overcoming  the  friction  in 
pump  and  pipe.  The  tendency  is  to  overload  windmills,  and  this  should  be  avoided  by  all  means.  A  lightly 
loaded  windmill  pumps  more  water  in  a  year  than  one  that  is  overloaded. 

A  large  capacity  cannot  be  secured  by  using  a  large  cylinder  unless  a  large  windmiU  is  used  to  operate  it. 
Do  not  make  the  mistake  of  using  a  cylinder  larger  in  diameter  than  shown  in  table. 

The  amount  of  water  pumped  will  vary  about  as  the  square  of  the  velocity  of  the  wind  between  reasonable 
limits. 

Table  36. — Suction  Lift  at  Diffebent  Altitudes 


Elevation  above 

Atmospheric  pressure 

Practical  limit 

sea  level  in  feet 

in  feet  of  water 

of  suction 

0000 

33.9 

25.43 

1000 

32.6 

24.45 

2000 

31.4 

23.55 

3000 

30.2 

22.68 

4000 

20.1 

21.82 

5000 

28.0 

21.02 

6000 

27.0 

20.26 

7000 

26.0 

19.50 

8000 

25.0 

18.26 

STORAGE  OF  WATER 

61.  Wooden  Tanks. — Wooden  tanks  cost  only  about  half  as  much  as  steel  tanks  in  the 
smaller  sizes,  and  especially  so  where  no  tower  is  required.  Some  of  the  advantages  of  wooden 
tanks  over  steel  tanks  are: 

( 1 )  Steel  tanks  require  skilled  boiler  makers  to  erect,  thus  adding  materially  to  the  cost  when  at  a  distance  from 
the  boiler  shop. 

(2)  Wooden  tanks  are  more  readily  protected  from  freexiug. 

(3)  They  do  not  sweat  so  much  in  a  building  as  do  steel  tanks. 

(4)  They  will  not  deteriorate  as  rapidly  as  a  steel  tank  if  neglected. 

Table  37. — Sizes  and  Capacities  of  Wooden  Tanks  fob  Fire  Pbotection 

A.  F.  Mut.  F.  I.     Co,  Inspection  Dept. 


Approximate 

net  capacity 

(gallons) 

Sise 
'    (Outside  dimensions) 

Thickness  of  lumber 
after  being  planed 

Hoops 

Approximate 

price  with 

roof 

Average 
diameter 

Length  of 
stave  (feet) 

SUves 
(inches) 

Bottom 
(inches) 

Number 

Sise 
(inches) 

15.000 
20.000 

25,000 

30.000 

40,000 

50.000 

60,000 

75.000 

14  ft.  6  in. 

15  ft.  6  in. 

17  ft.  6  in. 

18  ft.  0  in. 

19  ft.  6  in. 
22  ft.  0  in. 
24  ft  0  in. 
24  ft.  6  in. 

14 
16 

16 

18 

20 

20 

20 

24 

2H 
2M 

2H 

2H 
2H 
2H 
2H 

2H 
2H 

2H 

2H 

2H 

2H 
2H 
2H 

14 

(    ' 

/    4 
\12 
/    4 
\l6 
f  11 
1  13 
f   4 
\l9 
/    4 
\22 

/   ^ 
\24 

H 
H 
H 
H 

H 
H 
H 
H 
1 

H 
1 

H 
1 
1 

•407.00 
500.00 

572.00 

654.00 

822.00 

025.00 
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Taslb  38. — ToADB  Data  of  Small  Woodbn  Storaob  Taitks 


L«aht 

Diamelet 

Number 
of 

Lbt 

L-. 

Appreii- 

UM 

ol 

CpKlly 

wt.2-iii.piH 

pri» 

pHm 

(oUou) 

mlM^n. 

24a. 

IM-in. 

3.4n. 

3-in. 

(l«t) 

(f«U 

oypitm 

I>i» 

ew«- 

on™ 

2 

117 

ISO 

•12.60 

»14.00 

220 

$10.00 

410 

400 

37.00 

30.60 

880 

80. «0 

340 

10.20 

17.80 

390 

31.00 

T 

830 

63.00 

3 

293 

290 

20  00 

21,60 

860 

38.00 

6 

ino 

82. SO 

88.00 

1180 

80.00 

380 

27. GO 

433 

32.80 

10 

233E 

1300 

73,60 

80,00 

1S06 

102,00 

29.60 

32.00 

849 

89.00 

9040 

2 

see 

049 

35  00 

39.00 

TT4 

40.00 

U 

4S20 

2126 

114.00 

2880 

187.00 

12 

10 

*TM 

3486 

132,00 

46.00 

29R8 

ISO. 00 

2 

12 

2 

1270 

1000 

64.00 

1200 

71.00 

" 

12 

12 

10M4 

3200 

182-00 

3840 

238.00 

The  life  of  a  wooden  tank  is  from  12  to  30  yr.  (usually  15) ;  cypress  tanks  often  last  from  20 
to  25yT. 

Specifications  for  Wooden  Tanks. — The  following  are  extracts  from  the  Aaa'n  Fact.  Mut. 
Fire  Ina.  Co.'s  Inspection  Department  Specifications'. 


h'l-l 


or  redwood  miut  ba  uHd.  Lumber 
miut  ba  Itee  from  rot.  up,  looH  or  uniouiid  knots,  vium  hala  ftnd  ibkkc*.  uid 
tnuat  be  thoroushlr  air-dried. 

(2)  Suva  and  Bottooi.— (a)  PlanJD  for  starea  and  bottom  must  be  planed  oa 
botb  lidea  iritb  the  outer  aurfaee  of  itavia  curved  to  (ha  r«dlui  of  the  tanlt. 

(b)  Tbe  lumber  muat  be  3H  in.  dreMed  to  about  3H  iD.  for  tuka  not  MU>Md> 
indSft.  diameter  or  ISft-daep,  >nd3ia.dr«aed  taaboutlHinforlanertanka. 
<e)  aplieea  tnuat  not  be  made  in  alavn  or  bottom  planln. 
(d )  The  edifa  of  itavca  and  bottom  ptanlu  muat  be  machine  pUned  ot  aaved. 

(3)  Hoopa. — (o)  The  hoop*  mwt  be  drcular  in  cro«  Kction  and  not  leas  than 
fi  in.  in  diameter.     Not  more  than  tiro  win  of  boope  muit  be  uaed  on  a  tank. 

(8)  Hoops  mnt  be  of  wrought  iron  or  ileel  without  weldi  or  upaet  ends.  The 
wrouaht  iroo  muat  sonform  in  its  chemical  and  phyaioal  propotW  to  ipeoiflsatiDDa 
A-40  of  tbe  Amsiean  Bodety  for  Teatini  Maleriala. 

(c)  Hoopa  must  be  cut  to  proper  lenath  and  bent  in  the  ahop  to  the  radioa  of 
>,  the  tanh.  The  esotions  of  a  hoop  muit  be  of  equal  leofth  and  muat  be  seonrelr 
*     fastened  together  for  ahipment. 

f  (d)  The  eodi  of  the  hoop  aeetiooa  must  be  connected  by  malleable  iron  Inn  and 

their  etrenEtb  muat  he  not  liaa  than  that  of  the  hoopa.     The  hoopa  muat  be  w 
located  on  the  tank  that  tbe  luga  come  in  uniform  epiral  linra. 

62.  Steel  Tanks  and  Towers. — The  dewgo  of  steel  tanks  and 
towers  has  become  nearly  standard  with  a  number  of  manufacturera 
who  make  a  specialty  of  their  construction.  Any  of  these  firms  will 
build  them  according  to  an  ei^inecr's  specifications  at  an  iucraased 
cost.  Tanks  with  either  hemispherical  or  elUptical  bottoms  can  be 
had. 


Elevated  steel  tanka  are  almoe 
tor  wooden  Unka.    The  specificatio 

towen  ia  about  6  to  Oo,  per  lb,  of  ateel  erected. 

The  riser  pip<  1*  encloMd  In  a  ttoat  ptool  three-ply  oireular  boi  of  wooden  i 


It  with  Sat  bottom*,  supported  on  I-beame  i 
Table  30  are  fairly  representative  ol  tank  pra 
a  0,71D  +  0,183  (T  +  B)  (set  Fii.  8),     The  i 
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Tablb  39. — SiZBS  AND  Capacitibs  of  Steel  Tanks 


Hemispherical  bottom 

Capacity 
(thouaand  gallons) 

% 

D 

H 

K 

5 

8'-0" 

12'-0" 

16'-0" 

10 

lO'-O" 

14'-0" 

19'-0" 

15 

12'-0" 

14'-0" 

20'-0" 

20 

12'-9" 

17'-3" 

23'-7" 

25 

14'-1" 

17'-3" 

24'-3" 

30 

15'-3" 

17'-3" 

24'-10" 

35 

16'-4" 

17'- 3" 

25'-6" 

40 

17'-4" 

17'-3" 

26'-ll" 

45 

18'-3" 

17'-3" 

26'-4" 

50 

19'-0" 

17'-6" 

27'-0" 

eo 

19'-0" 

22'-3" 

31'-9" 

65 

20'-0" 

21'-3" 

31'-3" 

70 

21'-0" 

20'-3" 

30'-9" 

76 

22'-0" 

19'-4" 

30'-4" 

80 

22'-0" 

21'-1" 

32'-l" 

90 

22'-0" 

24'-6" 

35'-6" 

100 

22'-0" 

28'-0" 

89'-0" 

120 

24'-0" 

28'-0" 

40'-0" 

125 

24'-0" 

ao'-o" 

41-0" 

150 

26'-0" 

29'-3" 

42'-3" 

175 

26'-0" 

35'-0" 

48'-0" 

200 

28'-0" 

35'-0" 

49'-0" 

250 

SO'-O" 

37'-0" 

52'-0" 

300 

82'-0" 

40'-0" 

56'-0" 

400 

35'-0" 

44'-0" 

61'-ft" 

500 

38'-0" 

46'-6" 

66'-6" 

53.  Concrete  Tanks  and  Reservoirs. — Reinforced  concrete  is  cheaper  for  tanks  than 
sheet  steel  and  more  durable  than  either  steel  or  wood.  It  is  particularly  adapted  for  reservoirs 
where  they  are  all  or  partly  underground.  Ck>ncrete  is  especially  adapted  in  industrial  work 
where  the  tank  is  to  contain  liquors  and  acid  solutions. 

Square  tanks  are  most  economical  of  space  (as  within  a  building  or  enclosures),  and  in 
some  cases  in  use  of  lumber  for  forms,  but  from  the  standpoint  of  greatest  capacity  for  least 
concrete,  the  circular  type  is  the  most  economical.  Square  or  rectangular  reservoirs  of  large 
size  involve  high  tensile  and  compressive  stresses  such  as  would  occur  in  a  retaining  wall  or 
dam.  The  circular  type  is  partially  self-sustaining  so  far  as  external  pressures  are  concerned 
and  the  stresses  that  do  occur  are  simpler  and  more  easily  calculated. 

One  of  the  greatest  difficulties  with  concrete  tanks  is  to  make  them  water-tight.  A  rich  mixture  with  relatively 
small  aggregate  and  thin  enough  to  flow  readily  in  continuous  work  makes  the  best  tanks.  The  interi(v  surface 
of  the  walls  should  be  waterproofed  also  by  plastering  with  cement  wash  or  by  some  waterproof  compound  or 
fabric.  For  light  pressures,  H~i°-  1 : 1  plaster  and  two  coats  of  cement  wash  (water  and  neat  cement)  will  be 
about  as  effective  as  any  other  method  of  waterproofing.  Except  for  very  small  tanks  of  dimensions  less  than 
15  ft.,  the  side  walls  should  be  10  to  12  in.  thick.  Where  covers  are  desired  or  necessary,  the  flat  slab  tjrpe  sup- 
ported on  posts  is  the  most  economical  and  readily  constructed. 


64.  Cisterns. — A  cistern  for  the  storage  of  rainwater,  5  ft.  in  diameter  by  7  ft.  deep, 
capacity  1024  gal.,  will  be  large  enough  for  a  family  of  10  people  if  located  in  a  climate  where 
the  annual  rainfall  is  about  30  in.  and  well  distributed.  Larger  buildings  should  have  cisterns 
of  about  100  gal.  capacity  to  each  person,  which,  for  convenience,  may  be  divided  into  two  or 
more  cisterns. 
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TaBLB  40. — CAPACITIES  OF  TaNKS  OB  CiSTBBNS  IN 

Gallons 

Diameter   (inches) 

Length  or  depth 

(feet) 

18 

24 

30 

36 

42 

48* 

54 

60 

66 

72 

2 

26 

47 

73 

105 

144 

188 

238 

294 

356 

424 

2H 

33 

59 

90 

131 

180 

235 

298 

367 

445 

530 

3 

40 

71 

109 

157 

216 

282 

357 

440 

534 

636 

3H 

47 

83 

127 

183 

252 

329 

416 

513 

623 

742 

4 

54 

95 

145 

209 

288 

376 

475 

586 

712 

848 

4H 

61 

107 

163 

235 

324 

423 

534 

659 

801 

954 

5 

68 

119 

180 

261 

360 

470 

593 

732 

890 

1060 

6H 

75 

131 

200 

287 

396 

517 

652 

805 

979 

1166 

6 

82 

143 

217 

313 

432 

564 

711 

878 

1068 

1272 

6H 

89 

155 

235 

339 

468 

611 

770 

951 

1157 

1378 

7 

96 

167 

253 

365 

504 

658 

829 

1024 

124& 

1484 

7H 

103 

179 

271 

391 

540 

706 

888 

1097 

1335 

1590 

8 

no 

191 

289 

417 

576 

752 

947 

1170 

1424 

1696 

SH 

203 

307 

443 

612 

799 

1006 

1243 

1513 

1802 

10 

239 

361 

521 

720 

940 

1183 

1462 

1780 

2120 

12 

287 

433 

625 

864 

1128 

1419 

1754 

2136 

2544 

14 

1008 

1316 

1655 

2046 

2492 

2968 

16 

1152 

1504 

1891 

2338 

2848 

3392 

18 

2127 

2630 

3204 

3816 

20 

2363 

2922 

3560 

4240 

56.  Pneumatic  Tanks. — Pneumatic  tanks  are  always  made  of  steel  or  wrought  iron  as  they 
must  be  absolutely  air  tight.  Tanks  are  usually  made  especially  for  this  purpose,  but  there  is  no 
good  reason  why  any  tight  tank  or  boiler  could  not  be  used  for  the  purpose  if  sufficiently  strong 
to  stand  the  pressure. 

Table  41. — Trade  Data  on  Pneumatic  Tanks 


Diameter 
(inches) 

Length 

(feet) 

Thickness 

Approx. 

shipping 

weight 

(pounds) 

ToUl 
capacity 
(gallons) 

Working 
capacity 
(gallons) 

List  price 
black 

SheU 
(inches) 

Convex 

head 
(inches) 

Concave 

head 
(inches) 

24 
24 
30 
30 
36 
36 
42 
42 
48 
48 
60 
60 
72 
72 

5 
10 

5 
12 

5 
14 

8 
16 
10 
24 
12 
40 
12 
40 

He 

He 

He 

He 

He 

He 

H 

H 

Ht 

H 
H 

Va 

M 

He 

He 

He 

He 

H 

H 

He 

He 

Va 

Va 

He 

He 

H 

H 

He 

He 

He 

He 

H 

He 
He 

375 

645 

500 

960 

653 

1365 

1425 

2350 

1900 

4000 

3000 

8400 

4140 

10720 

120 

235 

180 

440 

265 

740 

575 

1150 

1000 

2260 

1760 

5875 

2535 

8460 

80 

156H 
120 

293H 

176H 

493H 

383H 

766H 

666H 

1506H 

1163H 

3249H 

1690 

5640 

$  31.00 

45.(0 

37.00 

67.00 

48.00 

87.00 

76.00 

135.00 

124.00 

227.00 

203.00 

517.00 

262.00 

642.00 

Formvlas  and  Illustrative  Problems  for  Pneumatic  Tanks, — To  find  the  pressure  in  a  pneu- 
matic tank  when  supplied  with  initial  air  pressure  and  then  filled  to  any  portion  with  water: 

*  —  Pa  (lb.  per  sq.  in.) 


Pd 


1.00 -F 
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niastTAtiTe  Problem. — A  tank  has  been  filled  with  air  to  an  initial  air  preaeure  of  10  lb.  and  it  then  filled  one- 
fourth  with  water.     What  it  the  air  preaeure  on  the  tank?     Here  Pi  -  10  lb..  F  -  0.26,  1.00  -  F  -  0.76. 

15  +  10 


0.75 


—  15  -•  18.33  lb.  per  eq.  in.  -  Pd 


Given  a  tank  partly  filled  with  water  under  pressure  to  find  the  remaining  pressure  when 

a  given  volume  of  water  is  drawn : 

P        1.00 -F(P+P.)       p  nu  •    X 

ro  =  — Q  OQ  If  ^p\ ^«  Ub.  per  sq.  m.) 

lUttStratiTe  Problem. — A  tank  it  three-fourtha  filled  with  water  under  45  lb.  air  preaeure.     What  ia  the  re- 
maining pressure  when  one-fourth  the  volume  of  the  tank  ia  drawn?     P  ^  45  lb.,  F  ■-  0.76,  /  —  0.25. 

(1.00  -0.75)  (45  +  15) 


P*  - 


—  15  »  16  lb.  per  aq.  in. 


1.00  +0.26  -  0.75 

Given  a  tank  partly  filled  with  water  under  a  given  pressure  to  find  the  volume  of  water 
that  may  be  drawn  for  a  given  drop  in  pressure. 

Pi  (1.00 -F) 

>  +Pa  -Pi 

IlluatratiTe  Problem. — A  tank  three-fourtha  filled  with  wattf  ia  under  a  pressure  of  45  lb.     What  peroentage 
of  water  may  be  drawn  for  a  drop  in  pressure  of  30  lb. ?    P  =  45  lb..  Pi  »  30  lb. 

/ 


/=■ 


(percent  of  volume) 


30(1.00  -  0.75)      7^ 
45  +  15-30    "  30  "  ^^^' 


The  above  formulas  and  illustrative  problems  are  general  and  apply  to  any  tank  filled  to 
any  percent  of  its  volume,  whereas  the  following  illustrative  problems  apply  to  tanks  H  full 
of  water. 

Illustrative  Problem. — A  d30-gal.  tank,  36  in.  X  12  ft.,  is  H  full  of  water  under  a  pressure  of  60  lb.  How  much 
water  can  be  drawn  lowering  pressure  to  20  lb.  7 

Between  60  and  20  lb.,  Table  42  gives  38%.     Therefore^  0.38  X  630  -  230  gal.  can  be  drawn. 

Illustrative  Problem. — What  siae  tank  must  be  used  to  deliver  500  gal.  of  water  from  storage  when  f^  full, 
under  80  lb.  pressure,  if  lowest  water  pressure  must  be  30  lb.  7 

Between  80  and  30  lb..  Table  42  gives  37%.  Tank  must  therefore  be  500  -l-  0.37  -  1350  gal.  capacity,  or 
about  48  in.  X  14  ft. 

lUustrative  Problem. — A  720-gal.  tank  42-in.  X  10  ft.  is  H  full  of  water  under  a  pressure  of  50  lb.  What  is  the 
water  pressure  after  150  gal.  have  been  drawn 7 

150  gal.  —  21  %  of  tank  capacity.  Corresponding  to  50  lb.  initial  pressure  and  21  %  working  capacity,  Table  42 
gives  final  water  pressure  of  25  lb. 

Note:  If  tank  is  only  one-half  full  of  water,  working  capacity  is  increased  50  %. 

Natation  for  Formvlas  for  Pneumatic  Tanks 

Pa  —  atmospheric  pressure  of  air  in  lb.  per  sq.  in.,  usually  taken  at  15  lb. 

Pi  =  initial  air  pressure  in  lb.  per  sq.  in.  above  Pa,  put  in  tank  before  water  enters. 

Pd  =  desired  pressure  after  tank  is  filled  with  air  to  P<  lb.,  then  partly  filled  with  water. 

P    s  air  pressure  in  tank  before  water  is  drawn. 

Table  42. — Working  Capacitt  op  Pneumatic  Tanks  in  Pbbcbntagb  op  Full  Volumb 
WHEN  Two-thirds  Full  op  Water.    Between  Initial  and  Final  Pressures  Indicated 


Final 

Initial  pressure — pounds 

gage 

pressure, 

pounds 

gage 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

5 

8 

25 

41 

58 

10 

0 

13 

2e 

40 

53 

66 

15 

5 

16 

28 

30 

50 

61 

20 

0 

9 

10 

20 

38 

48 

57 

25 

6 

12 

21 

29 

37 

46 

54 

62 

30 

0 

7 

15 

22 

30 

37 

44 

52 

35 

3 

10 

17 

23 

30 

37 

43 

40 

0 

6 

12 

18 

24 

30 

36 

45 

8 

8 

14 

19 

25 

30 

50 

0 

6 

10 

15 

20 

25 
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Tabus    43. — Showino    Prbssurb    in    Pneumatic    Tanks    when   Filled  with   Various 

Quantities  op  Water 


Amount  of  water 
pumped  into  tank 

Pressure 

(pound  per  square  inch) 

no  initial  pressure 

Pressure 
(pound  per  square  inch) 
with  10  lb.  initial  air  preamne 

Vi  full  of  water 

6 
10 
16 
23 
29 
46 

18 
26 
34 
47 
58 
88 

H  full  of  water 

Vi  full  of  water 

H  full  of  water 

H  full  of  water 

H  full  of  water 

Po  »  air  pressure  in  tank  after  water  is  drawn. 

Pi  >B  loss  in  pressure  due  to  drawing  any  percent  of  volume  of  tank. 

F    »  portion  of  volume  of  tank  filled  with  water. 

/    «  amoimt  of  water  drawn  from  tank  in  percent  of  its  volume. 

66.  Heat  Required  to  Free  Tanks  from  Ice. — It  requires  from  2^  to  3  heat  units  per 
square  foot  of  exposed  surface  per  degree  difference  in  temperature  per  hour  to  keep  an 
exposed  steel  tank  free  from  ice. 

niustratiTe  Problem. — What  is  the  total  quantity  of  heat  required  to  free  a  tank  10  ft.  high  by  20  ft.  in  di- 
ameter for  24  hr.  from  ice,  when  the  temperature  of  air  is  10  deg.  F. 

Surface  of  tank  -  ^^^  +  (»20)(10)  -  1266.6  sq.  ft. 

Heat  units  -  8(32  +  10) (24) (1266. 6)  -  3,700.668.  At  0000  heat  units  per  pound  of  coal  it  would 
require  3,700.968  +  0000  -"  422.2  lb.  of  coaL 

It  is  thus  seen  that  it  is  not  at  all  economical  to  attempt  to  keep  large  tanks  from  freesing  by  heating.  It  is 
more  economical  to  protect  them  either  by  housing,  or  by  circulating  water  of  a  higher  temperature  than  that  from  a 
well,  than  it  is  to  let  the  tank  stand  full  exposed  to  the  cold  and  attempt  to  heat  it. 

If  the  above  tank  were  filled  with  water  each  24  hr.  at  a  temperature  of  44  deg.  F.,  the  amount  of  heat  energy 
brought  to  the  tank  by  the  water  would  be  equal  to  23,600  (gallons)  X  8>i  X  12  -  2,360,000  heat  units,  or  slightly 
over  H  that  required  to  heat  the  tank  if  allowed  to  stand  full  of  water  without  changing  daily.  Where  the  tank  is 
supported  on  an  inclosed  structure  and  the  top  weatherproofed  with  deck  floor  and  roof,  the  exposed  surface  is 
naturally  cut  down  and  therefore  less  heat  is  required.  Elevated  steel  tanks  usually  freese  first  at  the  connection 
with  the  riser  pipe. 


PIP£S  AND  FITTINGS 

67.  Cast-iron  Pipe. — Cast-iron  pipe  is  now  manufactured  in  standard  diameters  and  weights, 
class  "A, "  **Bt "  and  **C, "  Table  44.    These  are  in  accord  with  the  standard  specifications 

Tabus  44. — Dimensions  and  Weights  of  American  Waterworks  Standard  Cast- 
iron  Pipe 


Class  'A"  100-ft.  head 

Class" 

B"  200-ft.  head 

Class 

••C"300-ft.  head 

43-lb.  pressure 

86-lb.  pressure 

130-lb.  pressure 

• 

Nominal  in- 

Weight per 

Weight  per 

Weight  per 

Thickness 
(inches) 

Thickness 
(inches) 

Thickness 
(inches) 

side  diameter 
(inches) 

Foot 

Length 

Foot 

Length 

Foot 

Length 

(pounds) 

(pounds) 

(pounds) 

(pounds) 

(pounds) 

(pounds) 

4 

0.42 

20.0 

240 

0.46 

21.7 

260 

0.48 

23.3 

280 

6 

0.44 

30.8 

370 

0.48 

33.3 

400 

0.51 

35.8 

430 

8 

0.46 

42.0 

616 

0.51 

47.6 

670 

0.56 

52.1 

625 

10 

0.60 

67.1 

686 

0.57 

63.8 

766 

0.62 

70.8 

850 

12 

0.54 

72.6 

870 

0.62 

82.1 

085 

0.68 

91.7 

1100 
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of  the  American  Waterworks  Association.    In  specifying  cast-iron  pipe  it  will  only  be  necessary 
to  state  size  and  class  desired. 

68.  Wrought-iron  Pipe. — ^Wrought-iron  pipe,  unless  otherwise  specified,  will  be  "Mer- 
chant" steel  pipe,  black.  If  strictly  wrought-iron  pipe  is  desired,  specify  strictly  wraught^iran 
pipe  or  ^* Buyers**  wroughi^ron  pipe. 


Merchant  pipe  io  much  harder  to  cut  or  thread  and  is  much  shorter  lived  than  strictly  wrought-iron  pipe.  On 
the  other.hand.  the  latter  is  much  higher  in  price  and  more  difficult  to  obtain. 

The  steel  pipe  is  about  2  %  heavier  than  wrought-iron  pipe  for  the  same  thickness.  Both  qualities  of  pipe  are 
manufactured  in  slandar   and  exira  tieavy  vmgfiU. 


Table  45. — Dimensions  and  Weights  of  Standard  Wbouqht-iron  Pipb  and  ConpUNGS 


Standard  wrought-iron  pipe 

Couplings 

Sise 

Weight  per  foot 
(pounds) 

Thickness 
(inches) 

Diameter 

Length 

Weight 

1 
IH 

2 
3 

3H 

4 

5 
6 
7 
8 
0 
10 

0.84 

1.67 

2.68 

3.61 

5.74 

7.64 

9.00 

10.66 

12.34 

14.60 

18.76 

23.27 

28.18 

33.70 

40.06 

0.109 

0.133 

0.146 

0.164 

0.203 

0.216      . 

0.226 

0.237 

0.246 

0.269 

0.280 

0.301 

0.322 

0.364 

0.366 

1 

IH 

2 

2H 
3 

3>i 

4 

4H 

6 

6 

7 

8 

9 

10 

IMs 

l»He 

2H 

3H 

2H 

8H 

3H 

4H 

4H 

6H 

0.124 

0.466 

0.800 

1.260 

1.767 

2.626 

4.000 

4.126 

4.876 

8.437 

10.626 

11.270 

16.160 

17.820 

27.700 

69.  Wood  Stave  Pipe. — Wood  stave  pipe  is  made  in  two  ways — continuous  stave  pipe 
made  in  the  trench,  and  machine  banded  pipe,  factory  made.  Continuous  stave  pipe  is  used 
ahnost  exclusively  in  the  Western  States  where  the  climatic  conditions  are  suitable  and  where 


Table  46. — Trade  Data  on  Machine  Banded  Wood  Stave  Pipe 


Sise  of  pipe 


Weight  per 
linear  foot 


Number  of 

feet  in 

carload 


Men  r<  quired 
•      to  ay 
pipe 


Number  of 

feet  can  be 

laid  in  10 

hours 


Wood  stave 
pipe 


Cast  iron 


Comparative  coat  of  laying 

pipe  per  foot  not  including 

trenching  and  back  filling 


6 
8 
10 
12 
14 
16 
18 
20 
24 
30 
36 
48 


11.6 
14.6 
18.6 
20.8 
25.5 
28.6 
31.7 
36.6 
45.6 
57.3 
76.8 
103.0 


2600 

2100 

1700 

1500 

1200 

1000 

860 

660 

500 

300 

200 

160 


6 
6 
6 
6 
6 
6 
6 
6 
8 
8 
8 
8 


2500 
2500 
2000 
2000 
2000 
1500 
1500 
1000 
1000 
1000 
800 
600 


0.01 
0.02 
0.03 
0.03 
0.04 
0.04 
0.04 
0.05 
0.06 
0.07 
0.08 
0.10 


0.14 
0.17 
0.20 
0.23 
0.26 
0.36 
0.40 
0.60 
0.62 
0.76 
1.05 
1.29 
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Buit&ble  timber  may  be  had.  This  pipe  in  several  instanoee  has  proven  a  failure  due  to  soil 
coadilions,  character  of  wood,  workmanship,  etc. ;  therefore,  before  it  is  used,  a  cardul  investi- 
gation should  be  made  to  determine  if  it  will  prove  satisfactory.  Machine  banded  wood  stave 
pipe  b  made  in  lengths  up  to  12  ft.,  staves  being  machined  on  the  aides  to  correct  bevel  to  suit 
eise.  These  staves  are  alsc  provided  with  double  tonKuea  and  grooves,  and  the  outside  is 
formed  to  diameter  of  pipe.  The  staves  are  held  in  place  by  galvanited  steel  bands  or  wire 
spirally  wound  from  end  to  end.  The  outside  of  the  pipe  and  steel  bands  are  protected  by  a 
double  coat  of  asphaltum  and  sawdust. 

Tablb  47. — WstaHT  PEB  Foot  opLead  Service  Fife  IN  Pounds  AND  OuKCBs 
Extra  strong 

Siic  of  Pipe  in  Inchn 


« 

H 

H 

H 

, 

m 

IH 

. 

2H 

a 

3M 

4 

Z-0 

2-B 

3-0 

3-B 

4-13 

^ 

7-8 

" 

,« 

■" 

18-0 

2,-, 

Ths  Jolnl*  kn  mads  on  the  mortiie  mod  U 
whils  in  th«  tieneh.  Thi«  pip«  doea  not  have  U 
tion.  Comwotiona  eui  be  mule  to  it  by  cut-trc 
The  ouryinc  capacity  of  thia  pip«  it  about  14  ^ 

Wood  stave  pipe  sivca  |ood  aatufaction  w 
not  be  UMd  where  It  *ill  nvt  aliAya  be  kept  i 
■iderable  air  entrained  witb  tbe  vater.  It  ia  i 
machine  banded. 


loa  prineiple,  and  are  drive 
be  Laid  perfeetiy  atraicht.  bi 
I  fittinca  witb  buba  turned  t. 


■e  bad.  but  It  ahould 


00.  Cott  of  Lsying  Pipe. — The  data  in  Tables  48  and  40  were  compiled  from  table  given  in 
'Engineeriiig  and  CoiUToctinf/,  Vol.  fil,  pp.  37  and  38.  The  data  were  obtained  oot  he  laying  of 
gas  pipe,  but  it  would  apply  equally  as  well  for  water  pipe.  These  prices  should  not  be  applied 
to  rock,  hardpan,  or  quicksand  excavation,  but  only  to  coses  which  might  be  considered  as 
ocwro^  excavation.  For  depths  greater  than  6  ft.,  the  cost  of  excavating  increases  more  nearly 
with  the  square  of  the  depth  than  directly  with  it. 


Table  48. — Cost  of  Tbenchino,  Latino,  Jointino 

AND  Backpillino  Cast-iron  Pipe 

§s 

U^^ 

1 

1 

|i 

si 

id 

I 

I 

i 

I! 

il 
ill 

il 

gs 

85 

i%. 

1 

1 

lie 

111 

isl 

1 

■o 

h 

i 

1 

f  1 

Si 

1! 

3=s 

u 
Ell 

5=s 

il 

■5  =  1 

4 

MIM    KJ.WS 

lS-33 

21,98 

»0,0155 

H 

0,37 

n2,i 

10  0405 

tO.B6B 

w  so 

•0,0308 

10. 906 

n 

M 

0.47 

0   0001 

1.512 

IHWl 

l.O) 

n 

MM 

2.104 

1(1 

0,239 

BS.Bl 

i:ii« 

Ifl 

3.7ea 

2  79fl 

0.277 

" 

OflU 

73.83 

fi 

7.1 

i7nfl 

0.7JS 

1.70 

0  14T0 

IM31 

0  242T 

s.eao 

3  00 

iihn: 

6  ago 

iKI 

0 

7.777 

0  lOO 

r) 

mm 

200.41 

■i 

on 

0 

4S.M 

rt» 

1  no 

1  04 

VM3 

10  320 

30^  0  461 

" 

111 

284  00 

' 

40 

0  yni 

75 

2    mi 

U   Ki 

0    S0!« 

H    ^(11 

''■-''' 

0    ,.«,|M   »    1 

It  clwa.    Fur  matnial,  multlplr  by  m 
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Tabld  49. — Cost  of  Tkbnchino,  Lating,  JoiMTiNa  and  BACXFiLUNa  for  Wbouobt 
AMD  Stbel  Pipb 


i 

i 

c  1 

HI, 

§1 

=  ? 

s. 

If 

.1 

S  i. 
3            II 

1 

i«i 

11 

Ill 

* 

S-9 

■5 

S            -eS 

ji 

■slsa 

Is 

Jil 

s 

n 

1 

t    n 

1155 

l^ 

P-l 

3.18 

IM 

2            M.OOBfl 

IB 

10.106 

K  Olll" 

m 

S« 

(1 

130 

O.OIM 

3 

7.03 

as 

a          c 

0273 

ID. 86 

0378 

<1 

5M 

23 

0.0500 

n 

« 

2S.81 

10 

5              0 

OBBa 

24 

0.222 

0.0750 

4M 

niiltlpU«  u  for  c 


at  pipa.     Ko  bell  bolts 


61.  Concrste  Pipe. — Concrete  pipe  ie  miinufactured,  but  not  extensively,  in  aiies  from  4 
to  120-in.  diameter.  In  Bome  localities  the  Hmall  aiiesftrein  contpetition  with  vitrified  pipe  for 
aanitary  eewers,  but  its  principal  uae  ia  in  the  larger  siies  (from  36  to  120  in.)  for  storm  sewen 
and  culverts.  These  sizes  are  usually  made  on  the  site  of  the  work,  but  can  be  shipped  readily 
where  necessary.  Railroad  companies  often  make  them  in  one  or  two  yards  and  ship  to 
points  on  the  system  for  culvert  uae. 


Table  60.- 

-Trade  iNroBMATiou  on 

Kbinfobctd  Concbkth  Pipb  n 

V  4-FT.  Lbnotbs 

Stoat 

(pouDdl  pa  Mmuel 

foot) 

Crw  Mtioiol 

8i>e 
(iDChal 

(incbm) 

(Kiu»  illoh«  par 

Welsht  of  plpa 
par  foot 

foot  «t  (hell) 

24 

SH-  3 

0.30 

0  058 

304 

3    -3M 

30 

sra 

30 

3H 

40 

0.080 

384 

so 

0.107 

48« 

30 

* 

00 

3» 

*H 

00 

0.140 

580 

*H 

00 

0.1S3 

0B« 

«S 

80 

800 

HH 

80 

0.130 

1070 

72 

OH 

1 

00 

0.140    . 
0.180 

13fiS 

78 

s 

30 

3260 

0.208 

3400 

SO 

en 

35fi0 

fie 

SH 

eo 

3a&o 

a 

03 

3900 

114 

OH 

120 

10 
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The  eanyinc  oapaoity  of  these  pipes  of  large  diameter  i«  elii^tly  greater  than  for  vitrifled  pipe  of  the  same 
diameter.     The  ooet  will  depend  uppn  the  availability  of  the  materials  at  the  desired  location. 

The  head  carried  on  concrete  pipe  should  not  exceed  from  100  to  126  ft.  and  leakage  due  to  this  i»-easure  in 
properly  constructed  pipe  should  not  be  greater  than  in  pipe  made  of  other  materials.  The  coefficient  of  discharge 
is  higher,  than  that  for  steel  pipe. 


62.  Standard  Flange  Fittings. — In  Table  51  are  given  the  specifications  for  ''American 
Standard"  flanged  fittings  for  wrought-iron  and  steel  pipe.  Dimensions  apply  to  low  pressure 
and  standard  fittings  not  extra  heavy.' 

Notes  on  the  American  8tandard,^The  following  notes  apply  to  the  American  Standard  for 
flanges  and  flanged  fittings. 


(a)  Standard  reducing  elbows  carry  the  same  dimensions  center  to  face  as  regular  elbows  of  largest  straight 
sise. 

Standard  tees,  crosses,  and  laterals,  reducing  on  run  only,  carry  same  dimensions  face  to  face  as  largest  straight 
sise. 

Standard  weight  fittings  are  guaranteed  for  125-lb.  working  pressure  and  extra  heavy  fittings  for  250  lb. 

The  sise  of  all  fittings  scheduled,  indicates  the  inside  diameter  of  parts. 

The  face-to-face  dimensions  of  reducers,  either  straight  or  eccentric  for  all  pressures,  is  the  same  as  that  given 
in  table  of  dimensions. 

Twin  elbows,  whether  straight  or  reducing,  carry  same  dimensions  center  to  face  and  face  to  face  as  regular 
straightHsise  ells  and  tees. 

Side  outlet  elbow  and  side  outlet  tees,  whether  straight  or  reducing  sixes,  carry  same  dimensions  center  to  face 
and  face  to  face  as  regular  tees  having  same  reductions. 

(b)  Bull-head  tees,  or  tees  increasing  on  outlet,  have  same  dimensions  center  to  face  and  face  to  face,  as  a 
straight  fitting  of  the  sixe  of  the  outlet. 

(d)  For  fittings  reducing  on  the  run  only,  always  use  the  long-body  pattern.  Y's  are  special  and  are  made 
to  suit  conditions. 


Tablb  51. — Standard  Flange  Fittings 


9ise  in  1  inch 

Diameter 

Thickness 

Diameter 

Number  of 

Face  to  face. 
Tees  and 

Center  to 
face.     Ells, 

Center  to 
face.     45* 

to  12  inches 

flanges 

flanges 

bolt  circle 

bolts 

tees  and 

crosses 

crosses 

elbow  s 

1 

4 

Ks 

3 

7 

3H 

IH 

IK 

4K 

>i 

3H 

7H 

3K 

2 

IH 

5 

Me 

3H 

8 

4 

2K 

2 

6 

H 

4K 

9 

4H 

2H 

2H 

7 

*Ms 

6H 

10 

5 

3 

3 

7H 

y^ 

6 

11 

5H 

3 

3H 

8H 

»He 

7 

12 

6 

3H 

4 

0 

*He 

7H 

8 

13 

6H 

4 

4H 

9>i 

»Hs 

7H 

8 

14 

7 

4 

6 

10 

^He 

8H 

8 

15 

7H 

4H 

6 

11 

1 

9H 

8 

16 

8 

5 

7 

12H 

iKe 

lOH 

8 

17 

8H 

6H 

8 

13H 

IH 

llH 

8 

18 

9 

5H 

9 

15 

IH 

13K 

12 

20 

10 

6 

10 

16 

IMe 

14K 

12 

22 

11 

6H 

12 

19 

m 

17 

12 

24 

12 

7H 

63.  Standard  Screwed  Fittings. — The  center  to  end  dimensions  of  ells,  tees,  and  crosses 
for  same  size  of  opening  are  alike.  The  dimensions  of  ells,  tees,  and  crosses  for  malleable  and 
cast  iron  from  ^  to  4  in.,  are  practically  identical.  In  Table  52,  dimensions  and  weights  are 
for  malleable  fittings  from  3^  to  4  in.  and  for  cast  iron  from  4  to  8  in. 
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Table  62. — Screwed  Fittings 
Weights  in  pounds  per  100 


Sise  K  in. 

to  4  in. 

End  to  end. 

Center  to  end. 

Center  to  end. 
iS^'ells 

Mai. 

Tees  and 

Tees,  ells  and 

Ells 

450  ells 

Tees 

Crosses 

«  in.  to  8 

oroBaea 

crosses 

in.  C.I. 

H, 

IH 

»Ms 

H 

13 

11 

14 

H 

IH 

'He 

»He 

17 

14 

23 

21 

H 

2H 

IH 

H 

27 

21 

35 

42 

H 

2H 

1  Ms 

1 

39 

32 

55 

54 

1 

2H 

1  He 

1  H 

60 

50 

80 

06 

IH 

3H 

1  K 

1  He 

105 

80 

136 

152 

IH 

3H 

I'Me 

1  He 

131 

111 

183 

197 

2 

4H 

2H 

l»He 

232 

197 

285 

340 

2H 

5H 

2*H« 

l»He 

420 

350 

428 

575 

3 

6>i 

3  H 

2  He 

637 

483 

742 

960 

3H 

6H 

3  Ke 

2  H 

040 

665 

1000 

1040 

4 

7H 

3  K 

2  H 

1100 

775 

1200 

1550 

4H 

8H 

4  He 

2»H« 

1600 

1450 

2330 

2700 

5 

8H 

4  He 

3  He 

2100 

1650 

2620 

3000 

6 

10>i 

5  H 

3  He 

3000 

2500 

4000 

4300 

7 

11?6 

6»He 

3  H 

4400 

3500 

5500 

6600 

8 

13 

6>i 

4  >i 

5500 

4600 

7900 

8300 

SECTION  3 

SEWAGB  DISPOSAL 

Bt  W.  G.  Kirchopfeb 

It  is  not  intended  in  this  section  to  give  a  complete  treatise  on  this  subject.  For  full  up-to- 
date  information  the  reader  is  referred  to  standard  works  on  sewage  disposal,  such  as  American 
Sewage  Practice  by  Metcalf  and  Eddy,  Sewage  Disposal  by  Fuller,  or  Sewage  Disposal  by  Ken- 
nicutt,  Winslow  and  Pratt.  The  descriptions  of  the  processes  herein  given  are  intended  to  con- 
vey only  a  general  notion  of  the  principles  under  which  the  processes  will  work.  Thci  designer 
of  an  isolated  plant  will  then  have  a  reasonably  good  idea  of  what  he  can  expect,  if  he  attempts 
to  do  certain  things  with  sewage. 


COLLECTION  AND  FLOW  OF  SEWAGE 

1.  Size  of  Sewers. — The  size  of  a  sewer  should  not  be  based  upon  the  average  flow  antici- 
pated, but  upon  the  maximum  rate  of  flow  that  can  reasonably  be  expected  to  take  place 
daily.  It  can  be  inferred  that  the  flow  of  sewage  would  follow  quite  closely  the  consumption  of 
water  and  would  reach  a  maximum  of  about  175%  of  the  mean  flow  (see  Fig.  2,  p.  1190).  It  is 
quite  a  common  rule  to  assume  that  the  maximum  will  be  twice  the  minimum  so  that  if  the 
sewer  is  designed  to  flow  half  full  with  mean  flow,  it  will  be  large  enough  for  maximum  flows. 

If  it  is  expected  that  an  increase  in  the  discharge  of  sewage  will  take  place  in  the  near  future, 
due  to  additional  building  or  increase  in  the  industrial  waste,  it  would  be  advisable  to  design  the 
sewers  for  three  times  the  mean  flow.     Table  1  has  been  prepared  on  such  an  assumption. 

For  other  grades  than  those  given,  the  capacity  is  proportional  to  the  square  root  of  the 
slope.  The  population  served  by  a  given  sewer  would  be  inversely  proportional  to  the  amount 
of  sewage  contributed  to  the  sewer  by  that  population,  as  compared  with  the  figures  given  in 
the  table. 

Table  1. — Population  That  Can  Be  Served  bt  Sewers  with  Various  Grades 

Based  on  a  conBumption  of  100  gallons  per  capita  per  day.    Sewen  aasumed  running  one-third  full,    n  ■-  0.018 


Fall  of  sewer  in  feet  per  100  feet 

Siae  sewer 
(inches) 

0.5 

0.4 

0.33 

0.25 

0.20 

0.167 

0.125 

0.10 

0.083 

6 

1.060 

030 

850 

690 

530 

8 

2.160 

1,945 

1,730 

1.405 

1.200 

1.000 

860 

720 

10 

3,780 

3.460 

3,070 

2.640 

2.130 

2.260 

1.940 

1.470 

12 

5.340 

4.070 

4.540 

4.140 

3.600 

3.240 

2.850 

2.550 

2,370 

16 

9,360 

8.360 

7,560 

6,560 

6.000 

5.400 

4.400 

4.240 

3,880 

18 

15,500 

13,850 

12,600 

11,000 

9.940 

8.930 

7.540 

7.000 

6,230 

20 

10.250 

18,200 

16,750 

14,400 

13.250 

11.700 

10.150 

9.340 

8,320 

24 

33.800 

30.500 

27,700 

24.000 

21.800 

18.800 

16.920 

15,400 

13.700 

2.  Materials  Used  for  Sewers.  —The  universal  material  used  for  sewers  is  vitrified  clay  pipe. 
Sewers  30  in.  diameter  and  larger  are  often  built  of  brick,  reinforced  concrete,  cast  iron,  or 
wrought  iron.    Sometimee  wood  stave  pipe  is  used  where  soils  will  not  support  vitrified  pipe 
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satisfactorily,  where  the  sewer  is  under  pressure,  or  where  leakage  would  pollute  a  water  supply. 
Vitrified  pipe  in  lengths  of  2,  2)^,  and  3  ft.  can  be  purchased  in  sizes  from  4  to  30  in.  (advancing 
by  2  in.  to  12  in.  and  thereafter  by  3  in.).    2-  and  2H-ft.  lengths  are  most  common. 

3.  Limiting  Grades. — ^The  minimum  grade  of  a  sewer  is  fixed  by  the  velocity  at  which  it 
will  be  self -cleansing,  usually  assumed  at  2  to  3  ft.  per  second;  greasy  wastes  would  require 
greater  velocities.  Flushing  is  the  only  safe  way  to  be  sure  of  a  clean  and  sanitary  sewer. 
For  small  lateral  sewers  a  grade  of  1  ft.  in  200  ft.  is  very  satisfactory  but  where  conditions  will 
not  permit,  a  grade  of  1  ft.  in  400  ft.  is  permissible.  Sewers  24  to  30  in.  in  diameter  with  a 
flow  of  sewage  sufficient  to  fill  them  one-half  or  more  full,  are  often  laid  on  a  grade  of  1  in  1000 
or  1  in  1200  ft. 

4.  Workmanship. — ^The  construction  of  sewers  is  more  likely  to  be  neglected  than  any 
other  part  of  a  building  contract.  "Out  of  sight,  out  of  mind''  is  often  too  true.  It  is  highly 
important  that  the  sewer  should  be  laid  to  a  slraight  line  and  grade,  with  joints  even  and 
well  filled  with  a  hemp  gasket  and  cement  mortar.  Stoppages  in  sewers  are  often  caused  by 
poor  workmanship  in  the  laying.  The  capacity  can  also  be  materially  cut  down  by  a  crooked 
roush  sewer. 

6.  Details. — The  appurtenances  of  a  common  ordinary  sewer  are  manholes,  lampholes, 
and  flush  tanks.  No  sewer  should  be  constructed,  no  matter  how  short,  that  does  not  have  at 
least  one  manhole  on  it.  On  longer  sewers  they  should  be  spaced  300  to  500  ft.  apart  depending 
on  local  conditions,  size  of  sewers,  character  of  sewage,  and  funds  available  for  the  work. 

A  manhole  to  be  serviceable  should  be  3  to  4  ft.  in  diameter  and  extend  from  sewer  to 
surface  of  the  ground  or  street  and  be  provided  with  an  iron  or  concrete  cover,  readily  removable. 
They  can  be  constructed  of  brick,  concrete,  or  cement  blocks.  The  invert  of  the  sewer  should 
be  continued  through  the  manhole  just  the  same  as  in  the  sewer,  only  the  top  half  of  the  pipe 
should  be  cut  away  to  allow  for  inspection  and  cleaning. 

Lampholes  are  not  used  as  much  as  formerly.  They  are  for  the  purpose  of  flushing  the  end  of  a  sewer  with  a 
hose,  or  to  permit  the  lowering  of  a  light  in  case  of  obstruction.  They  are  made  of  sewer  xMpe  and  have  an  iron 
cover. 

Flush  tanks  are  not  likely  to  be  needed  on  sewers  for  a  single  building,  but  should  be  included  where  the  system 
is  extensive  or  has  very  flat  grades.  These  tanks  should  be  located  so  as  to  flush  the  greatest  lengths  of  sewers  on 
the  flattest  grades.  A  flush  tank  is  usually  a  small  reservoir  or  cittern  provided  with  an  automatic  syphon  for  the 
discharge  from  the  tank  and  an  orifice  for  control  of  the  water  used  for  flushing.  The  water  is  usually  ob- 
tained from  the  oity  water  mains,  but  may  be  obtained  from  a  private  source  of  supply  as  the  case  may 
demand. 

6.  Variations  of  Flow.-^The  variations  in  the  volume  of  sewage  discharged  from  any 
building  or  industry  will  follow  quite  closely  the  hourly  variations  in  the  consumption  of  water. 
The  curves  shown  in  Fig.  2,  p.  1190,  will  therefore  fairly  represent  the  relative  (not  absolute) 
volume  of  flow  of  sewage  from  one  hour  of  the  day  to  another.  Where  large  quantities  of 
ground  water  enter  the  sewer  through  the  joints  or  otherwise,  or  where  large  volumes  of  cooling 
or  wash  water  are  constantly  turned  into  the  sewer,  the  relative  variation  will  be  very  much 
smaller. 

7.  Cost — There  are  many  factors  that  affect  the  cost  of  sewers,  such  as  the  nature  and 
condition  of  the  soil,  price  of  labor  and  materials,  diameter  of  pipe,  and  depth  of  trench.    Table 

Table  2. — For  EsxiMATiNa  Cost  of  Vitrified  Pipe  Sewers 

Depth  of  trench  in  feet 


Sise  of 

4 

5 

0 

7 

8 

0 

10 

11 

12 

14 

16 

18 

20 

6 

0.40 

0.45 

0.50 

0.58 

0.65 

0.75 

0.85 

0.98 

1.08 

1.35 

1.68 

2.03 

2.43 

pipe 

8 

0.53 

0.58 

0.63 

0.70 

0.80 

0.88 

1.00 

1.10 

1.23 

1.53 

1.85 

2.23 

2.65 

(inches) 

10 

0.65 

0.73 

0.78 

0.85 

0.05 

1.05 

1.15 

1.28 

1.40 

1.70 

2.13 

2.45 

2.90 

12 

0.83 

0.88 

0.95 

1.03 

1.13 

1.23 

1.33 

1.45 

1.60 

1.93 

2.28 

2.70 

3.18 

15 

1.10 

1.15 

1.23 

1.30 

1.40 

1.53 

1.65 

1.78 

1.93 

2.28 

2.68 

3.13 

3.63 

18 

1.40 

1.45 

1.53 

1.63 

1.73 

1.85 

2.00 

2.15 

2.30 

2.68 

3.10 

3.60 

4.15 

20 

1.63 

1.70 

1.78 

1.88 

2.00 

2.13 

2.25 

2.43 

2.60 

3.00 

3.45 

3.95 

4.55 
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2  has  been  prepared  from  the  bids  on:  many  sewers.  These  bids  were  compiled  during  a  period  of 
20  yr.  and  represent  average  conditions.  The  prices  have  been  advanced  to  cover  the  approxi- 
mate recent  (1918)  rise  in  prices.  They  should  be  used  only  as  a  guide  and  should  be  increased 
where  the  local  conditions  are  unfavorable  to  average  working  conditions.  The  table  does  not 
cover  rock  excavation  or  quicksand  digging. 


COMPOSITION  OF  SEWAGB 

8.  General  Characteristics. — Sewage  has  been  defined  as  a  combination  of  the  liquid 
waste  conducted  away  from  residences,  public  and  business  buildings,  and  industrial  establish- 
ments. A  briefer  definition  would  be,  "The  wastes  of  human  habitation."  It  possesses  three 
general  characteristics  as  suggested  by  Prof.  E.  B.  Phelps:  the  physical  property  of  "concentra- 
tion," the  chemical  property  of  "composition,"  and  the  biological  property  of  "condition."  A 
sewage  containing  a  large  proportion  of  sewage  matter  as  compared  to  the  water  of  a  given 
sewage,  is  strong  or  concentrated,  while  one  having  the  reverse  of  these  conditions  is  a  weak 
or  dilute  sewage. 

A  concentrated  sewage  means  that  a  greater  quantity  of  sludge  will  be  produced  which  must  be  cared  for.  and 
it  also  means  that  the  solids  will  settle  out  quicker  than  in  a  dilute  sewage. 

The  i>articular  process  to  adopt  for  the  treatment  of  a  given  sewage  depends  more  upon  the  composition  of  the 
sewage  matter  than  upon  the  concentration  or  condition.  When  a  sewage  is  in  a  "fresh"  condition  it  lends  itself 
more  readily  to  oxidising  processes,  whereas  a  stale  sewage  or  one  that  has  traveled  a  long  ways  in  pipes  or  stood  in 
receiving  basins,  lends  itself  more  readily  to  septic  action. 

9.  Total  Solids. — ^A  weak  or  dilute  sewage  contains  about  200  parts  of  solids  to  each  million 
parts  of  sewage;  a  medium  or  average  sewage,  about  800  parts;  and  a  strong  sewage  about 
1600  parts  per  million.  The  total  solids  in  sewage  are  divided  physically  into  suspended  and 
dissolved  matters,  and  chemically  into  organic  and  mineral  matters.  The  subdi^dsion  of  the 
total  solids  of  a  typical  American  sewage  are  shown  in  the  accompanying  diagram. 


Phtsical  Condition  of  Principal  Constitusnts  of  Sewaob  of  Medixtm  Stbenqth 

(Numbers  are  parts  per  million) 


Total  solids 
800 


Suspended 
solids  300  (by 
filter  paper) 


Dissolved 
solids  500 


Settling  solids  (2  hr.) 
150 


Suspended  colloidal 
soUds  150 

Dissolved 
colloidal 
solids  50 


Dissolved 
crystalloidal 
soUds   450 


Organic  settling 
soUds  100 

Mineral  settling 
soUds50 

Organic  suspended 
ooUoidal  soUds  100 

Mineral  suspended 
colloidal  solids  50 

Organic  dissolved 
colloidal  solids  40 
Mineral  dissolved 
colloidal  solids  10 

Organic  dissolved 

crystalloidal  solids 

160 

Mineral  dissolved 

crystalloidal  solids 

290 


\ 


150  settling  solids 


200  colloidal  solids 


460  crystalloidal 
solids 


Total  solids 
800 


10.  Organic  Matter.— The  organic  matter  in  a  typical  sewage  is  divided  approximately 
a9  follows: 
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Orgiuiio  matter  400 


Nitrogenoua    150 


Non-nitrogenou8  250 


Nitrogen  15 
Carbon  75 
Hydro,  oxygen 
Sulphur  phoephate  60. 


Fats  50 


Carbohydrates 
200 


Carbon  35 
Hydrogen  \ 


,  Oxygen      / 


15 


Carbon  00 
Hydrogen 
Oxygen 


}llO 


Organic  matter  is  of  vegetable  and  animal  origin.  It  is  the  part  of  the  solids  in  sewage  in 
which  we  are  particularly  interested  from  a  sanitary  standpoint.  Nitrogenous  matter,  con- 
sisting principally  of  urea  and  proteids,  is  generally  considered  as  the  substance  that  is  the 
least  stable  and  most  likely  to  break  down  and  cause  a  nuisance.  Offensive  gases  are  usually 
of  a  sulphurous  origin. 

11.  Mineral  Matter. — Mineral  matter  consists  principally  of  calcium  and  magnesium  car- 
bonates and  sulphates.  Where  the  water  supply  used  in  producing  the  sewage  is  highly  min- 
eralized, the  sewage  is  likely  to  be  mineralized  also.  Industrial  wastes  often  contain  mineral 
matters  that  affect  the  mineral  constituents  of  sewage.  These  matters  in  themselves  are  not 
objectionable  from  a  sanitary  standpoint,  but  often  if  in  large  quantities  and  combinations, 
they  interfere  with  the  processes  of  purification. 

12.  Suspended  and  Settling  Solids. — ^All  solids  in  sewage  which  are  floating,  suspended 
by  virtue  of  the  velocity  of  the  liquid,  and  those  that  are  in  a  colloidal  state,  are  defined  as 
suspended  matter.  Settling  solids  are  those  that  will  settle  out  of  solution  in  2  to  4  hr.  after 
quiescence  begins.  It  is  important  in  the  treatment  of  industrial  wastes  to  remove  as  large  a 
percentage  of  settling  solids  as  possible.  The  higher  the  total  suspended  matter  present,  es- 
pecially if  it  be  of  a  coarse  material,  the  greater  will  be  the  percentage  of  the  settling  solids  re- 
moved. Colloids  are  difficult  to  remove  by  settling.  They  are  in  a  semi-soluble  state.  Some 
matters  of  a  fatty  or  soapy  nature  will  not  settle  out  although  they  remain  in  a  strictly  sus- 
pended condition. 

13.  Putrefaction. — Organic  matter  contained  in  sewage  soon  begins  to  putrefy  due  to  a 
lack  of  oxygen.  Where  oxygen  is  present  or  can  be  supplied  in  sufficient  quantities,  the  reduc- 
tion of  this  material  goes  on  in  an  aerobic  condition,  but  where  sufficient  oxygen  is  lacking,  the 
reduction  goes  on  in  an  anaerobic  condition.  An  effiuent  from  a  sewage  disposal  plant  that  is 
not  putrescible  is  said  to  be  stable.  One  of  the  most  common  and  reliable  tests  for  this  is  the 
methylene  blue  test 

14.  Bacterial  Action  on  Organic  Matter. — ^There  are  two  separate  and  well  defined  proc- 
esses of  bacterial  action  that  take  place  in  sewage.  When  sewage  first  reaches  the  public 
sewers  it  is  ''fresh"  and  contains  free  oxygen  so  that  aerobic  bacteria  thrive.  These  bacteria 
grow  and  multiply  only  in  the  presence  of  oxygen.  After  sewage  has  traveled  a  long  distance 
in  sewers  or  has  stood  quiescent  in  a  tank  for  sometime,  the  sewage  becomes  stale  or  septic 
when  anaerobic  bacteria,  those  that  grow  in  the  absence  of  oxygen,  come  into  evidence  as  the 
chief  factor  in  the  reduction  of  the  organic  matter. 

The  procesaes  are  diametrically  opposite  and  opposed  to  each  other.  The  aerobic  or  oxidation  process  is 
accompanied  with  little  or  no  odor  while  the  opposite  is  very  true  of  the  anaerobic  or  septic  process. 

Unless  oxygen  is  supplied  in  sufficient  quantities  and  quick  enough,  the  sewage  will  invariably  pass  into  the 
septic  state  from  which  it  is  difficult  to  again  restore  it  to  an  oxidised  condition. 

For  small  plants  it  is  difficult  to  prevent  some  septisation  from  taking  place  without  an  unwarranted  expense  for 
installation  and  operation.  In  fact,  it  is  usual  in  most  plants  to  allow  the  sewage  to  get  into  a  more  or  less  septic 
state  before  attempting  to  apply  methods  of  oxidation.  Some  of  the  more  recently  designed  tanks  and  processes 
are  planned  to  completely,  or  at  least  to  a  very  large  extent,  prevent  septic  action.  Such  processes  are  particularly 
desirable  to  use  where  a  high  degree  of  purity  is  neoeasary. 
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16.  Dilution. — No  hard  and  fast  rule  can  be  laid  down  by  which  it  may  be  determined 
that  sewage  disposal  by  dilution  will  be  satisfactory  and .  not  cause  a  nuisance.  Some 
authorities  have  used  the  rule  that  if  there  were  5  cu.  ft.  of  water  flowing  per  second  in  the 
stream  per  thousand  population  tributary  to  the  sewer,  a  nuisance  would  not  be  created.  The 
rule  will  not  hold  good  in  most  instances. 

The  changes  that  take  place  in  the  dilution  method  are  not  materially  different  from  those 
that  take  place  in  the  process  of  filtration.  It  is  largely  a  matter  of  oxidation  accompanied  by 
mechanical  and  physical  agencies.  For  the  process  to  be  satisfactory  there  should  remain  no 
floating  organic  matter,  no  deposition  of  sludge  should  take  place  in  the  vicinity  of  the  outlet, 
and  there  should  be  sufficient  oxygen  in  the  stream  or  other  body  of  water  to  completely  oxidise 
the  sewage.  As  ordinarily  spoken  of,  dilution  has  meant  the  disposal  of  raw  sewage  into  a 
body  or  stream  of  relatively  pure  water.  As  actually  practiced,  the  dilution  method  is  used  for 
the  final  disposal  of  all  stages  of  sewage  effluents  from  raw  sewage  to  the  effluents  from  the  best 
slow  sand  filters. 

It  is  a  common  practice,  perhapMi  too  common,  to  paM  the  sewage  through  tanks  and  then  leave  the  Ht1a'*flft 
of  the  process  of  purification  to  take  place  in  the  body  of  water  into  which  the  sewage  passes,  regardless  of  ita  sise  or 
condition.  It  is  very  obvious  that  raw  sewage  in  considerable  quantities,  such  as  would  be  discharged  from  a  large 
factory  building  or  institution,  should  not  be  discharged  into  a  small  body  of  water  or  small  stream.  In  almost  all 
cases  it  is  preferable  to  use  some  preliminary  treatment  to  at  least  remove  the  floating  solids  and  coarser  matter. 
This  can  best  be  accomplished  by  screening  or  sedimentation  in  tanks. 

The  outlet  sewer  for  best  results  should  extend  some  distance  into  the  water  with  several  openings  ao  as  to 
provide  a  good  intermingling  of  the  sewage  effluent  with  the  water.  It  is  a  well  established  fact  that  streams  will 
purify  themselves  under  favorable  conditions.  The  distance  below  the  source  of  pollution  that  the  stream  may  be 
found  free  from  evidence  of  it,  depends  upon  the  relative  volumes  of  sewage  and  water,  upon  the  amount  of  ozsrgen 
present  in  the  water,  and  upon  the  velocity  of  the  stream.  At  New  Orleans  no  traces  of  sewage  pollution  oan  be 
found  in  the  Mississippi  river,  although  the  sewage  of  nine  million  people  is  discharged  into  it. 

16.  Screening. — Two  classes  of  screens  are  used  for  this  purpose:  (1)  coarse  rack  screens 
for  removing  objects  that  would  obstruct  machinery,  render  disposal  waters  unsightly,  and 
prevent  deposits  on  the  bottom  of  rivers,  lakes,  and  tidal  waters,  and  (2)  fine  screens  for  the 
purpose  of  removing  the  above  materials  and  also  as  much  as  possible  of  the  finer  suspisnded 
matter. 

Coarse  screens  are  built  of  bars  H  to  IH  in*  apart,  and  fine  screens,  usually  revolving,  are  built  of  perforated 
metal  or  wire  cloth  with  holes  seldom  exceeding  y^  in.  in  sise. 

The  use  of  fine  screens  can  hardly  be  considered  more  than  a  very  preliminary  process.  Screens  are  used 
principally  where  the  ultimate  disposal  is  into  tidal  waters  or  very  large  streams.  Where  a  plant  receives  consider- 
able attention  from  the  caretaker,  bar  screens  are  advantageous  on  most  any  plant.  None  of  the  screens  now  made 
can  compare  with  plain  sedimentation  for  the  removal  of  a  large  percentage  of  the  settleablc  solids. 

17.  Sedimentation. — Sedimentation  is  the  process  by  which  sewage  is  allowed  to  stand 
quiescent  in,  or  flow  very  slowly  through,  tanks  or  basins  in  which  the  settleable  solids  may 
subside  to  the  bottom  of  the  tank.  This  process,  if  carried  out  for  a  period  of  2  to  3  hr.  with 
the  resulting  sludge  removed  continuously  or  at  frequent  intervals,  will  not  permit  of  much 
septic  action.  Such  action  is  called  plain  sedimentation  as  it  does  not  involve  bacterial  re- 
duction or  its  attendant  chemical  changes.  At  least  150  parts  per  million  of  the  solids  of  a 
typical  sewage  should  be  removed  in  2  hr.  Sedimentation  is  a  valuable  part  of  the  process  of 
disinfection  of  sewage  as  it  has  been  proven  that  a  disinfectant,  such  as  liquid  chlorine,  will 
act  much  more  effectively  after  the  coarser  matters  have  been  removed. 

The  amount  of  matter  that  will  settle  varies  greatly  with  different  sewages  and  is  largely 
influenced  by  quantity  and  character  of  industrial  waste  included  in  the  sewage. 

18.  Tank  Treatment — There  are  three  leading  types  of  tanks  for  sewage  treatment: 
(1)  septic  tanks,  (2)  Imhoff  tanks,  and  (3)  sedimentation  tanks  with  auxiliary  tanks  for  separate 
sludge  digestion.  Several  other  types  have  been  proposed,  such  as  the  Travis  and  Dortmund 
tanks. 
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18a.  Septic  Tanks. — Septic  tanks  are  really  sedimentation  tanks  with  the  added 
feature  that  the  sludge  is  retained  in  the  tank  for  long  periods  of  time  to  undergo  anaerobic 
decomposition.  As  a  result  of  this  action,  gas-lifted  particles  of  sludge  are  raised  to  the  surface 
of  the  liquid.  These  particles,  while  still  in  a  partially  decomposed  st^te,  are  often  carried 
away  with  the  effluent,  making  it  more  turbid  than  the  raw  sewage.  Such  conditions  frequently 
come  about  where  the  velocity  of  flow  through  the  tank  is  suddenly  changed  to  a  high  rate  an 
would  happen  where  storm  water  is  allowed  to  get  into  sanitary  sewers,  or  where  there  are  rela- 
tively large  changes  in  the  discharge  of  sewage  from  the  building.  It  is  therefore  advisable  to 
keep  out  of  the  tank,  storm  waters  and  all  other  waters  of  variable  flow  that  are  relatively  as 
pure  as  the  effluent  from  the  tank  would  be,  such  as  cooling  waters  in  condenseries,  ice  plants, 
etc.  The  relative  variation  of  flow  is  usually  greater  for  very  small  installations  than  for  very 
large  ones.  For  instance,  the  flow  of  sewage  for  a  family  of  3  people  would  likely  vary 
100%  within  24  hr.,  whereas  for  a  large  factory  running  night  and  day  the  variation  might 
be  only  30%. 


The  sise  of  a  septic  t«nk  should  be  based  on  either  the  number  of  people  served  or  upon  the  quantity  of  sewage 
flowing    at   the   average   rate 

Manhoh 
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(assume  24-hr.  flow  to  take  place 
in  18  hr.).  The  following  tests 
applied  to  the  design  will  usually 
bring  satisfactory  results  for 
tanks  of  this  tsrpe:  (1)  The  capa- 
city should  be  4  ou.  ft.  to  each 
person;  (2)  the  capacity  should 
equal  about  one-third  of  the 
volume  of  the  daily  flow;  and  (3) 
the  rest  period  (flowing-through 
period )  should  be  about  8  hr.  The 
essential  features  of  the  design  of  a 

septic  tank  are:  The  inlet  and  outlets  should  be  trapped  so  as  not  to  disturb  the  floating  sludge  or  allow  it 
to  flow  away  with  the  effluent.  The  velocity  at  entrance  should  be  reduced  as  soon  as  possible  to  a  minimum  of 
about  1 1  ft.  per  hour  and  maximum  of  30  ft.  per  hour.  The  tank  should  have  a  minimum  depth  of  4  ft.  and 
should  not  be  deeper  than  12  ft.,  except  in  oases  where  it  is  necessary  to  get  the  required  volume  in  a  limited 
space.  The  length  should  be  about  twice  the  width.  The  tank  may  or  may  not  be  covered,  but  if  covered  it 
should  not  be  air  tight  as  the  gases  are  liable  to  explode  and  do  great  damage.  The  tank  should  have  some  con- 
venient means  of  cleaning — that  is,  by  either  drawing  off  the  sludge  or  skimming  the  scum  from  the  surface  of 
the  liquid.  This  feature  is  the  one  that  is  most  likely  to  be  neglected  as  it  has  been  the  general  supposition  that 
septic  tanks  do  not  need  to  be  cleaned  out  at  all,  which  is  not  in  accord  with  the  experience  of  the  operation  of  the 
oldest  tanks. 

Fig.  1  illustrates  a  vertical,  longitudinal  section  of  a  typical  septic  tank.  The  baffles  at  the  inlet  and  outlet  are 
usually  made  of  an  elbow  or  tee  of  vitrified  pipe  for  small  installations,  and  of  plank  or  concrete  hanging  wall  for 
large  ones. 

Septic  tanks  are  made  with  hopper  bottoms  so  that  they  can  be  cleaned  out  more  easily,  but  the  experience  with 
these  tanks  has  demonstrated  that  greater  quantities  of  gas-lifted  sludge  are  brought  up  into  the  liquid  and  hence 
into  the  effluent  on  account  of  the  greater  concentration  of  sludge  at  one  point.  The  patent  on  the  septic  tank 
expired  in  1016.     Table  3  gives  the  proper  dimensions  of  small  tanks  for  2  to  21  people. 


Table  3. — Dimensions  op  Septic  Tanks 


Number  of  persons  served 

Inside  dimensions  of  tank  for  a  given  number  of  people 

Width 

I/ength 

Depth 

2  to    5 

6  to    9 

10  to  13 

14  to  17 

18  to  21 

2  ft.-O  in. 

2  ft.-6  in. 

3  f  t.-0  in. 
3  ft.-0  in. 
3  ft.-0  in. 

4  ft.-0  in. 
6  ft.-O  in. 
6  ft.-O  in. 

5  ft.-6  in. 

6  ft.-O  in. 

6  ft.-O  in. 
6  ft.-O  in. 
6  ft.-O  in. 
6  ft.-O  in. 
5  ft.-O  in. 
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186.  Imhoff  Tanks, — Imhoff  tanks  were  designed  tind  patented  by  Dr.  Imhol 
of  E][tsea,  Germany.  The  design  consists  of  a  aedimentcition  tank  auperimposed  on  a  aeptii 
tank  for  the  digestion  of  the  sludge.  The  flow  takes  place  only  through  the  upper  tank  Mtc 
its  bottom  is  so  constructed  with  steep  slopes  and  a  baffled  slot  that  the  aettleable  solids  alidi 
into  the  digestion  chamber  below.  This  tank  performs  all  the  functions  of  a  septic  tank  bul 
keeps  the  process  of  sedimentation  separate  from  the  process  of  anaerobic  decomposition  a 
the  sludge. 

It  is  claimed  that  its  principal  advantage  lies  in  the  fact  that  the  e£Buent  is  fm 
from  septic  gas-lifted  sludge;  it  also  contains  more  oxygen  and  is,  therefore,  more  readilj 
treated  subsequently  by  oxidizing  processes,  such  as  filtration.  At  the  same  time,  it  i« 
tains  all  the  advantages  of  anaerobic  decomposition  of  the  sludge.  The  essential  featui«s  ol 
the  design  of  an  Imhoff  tank  are:  a  sedimentation  chamber  whose  bottom  has  steep  alopa 
and  slot  for  passing  settleable  solids,  and  a  sludge  digestion  chamber  under  the  sedv 
mentation  tank  with  sludge  pipe  for  removing  the  sludge.  The  inlets  and  outlets  of  thi 
aedimentation  chamber  should  be  baffled  and  thi 
bottom  slopes  should  be  not  flatter  than  1.6  uniti 
vertically  to  1  horizontally.  Flatter  slopes  have  beei 
tried  but  found  to  be  unsatisfactory  in  moat  cases 
These  slopes  should  be  made  as  smooth  and  even  ai 
possible.  The  slot  between  them  should  be  not  ovei 
6  in.  wide  and  properly  baffled  by  extending  edge  ol 
one  slope  past  the  slot,  or  in  some  other  mannei 
equally  as  good.  Sufficient  area  must  be  provided 
for  the  escape  of  gas  and  for  the  floating  sludge  rising 
from  the  sludge  chamber.  Such  gas  vents  on  large 
plants  should  be  extended  several  feet  above  the 
surface  of  the  liquid  in  the  tank. 

The  (ludis  chaiobtt  ahouLd  have  bottoms  alopioc  to  os*  « 

mom  poinU  from  which  the  iludgs  can  be  removed.     The  alopM 

-'-  ould  be  not  flatter  than   1  unit  Tertically  to  3  units  horiaon- 

A  iludiB  fripe  thould  eitond  to  a  point  near  the  bottom 

1  aLudse  ia  usually  accomplished  by  the  head  of  w^tcr  is 

this  is  not  possible,  the  sludse  is  pumped  by  a  auotioi 
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.yplcal  Imhofl  tank  ibowing  the  elopn,  slot,  aludce  pipw 
through  period  "  for  the  upper  ilory  and  on  the  volume  ol 
■ludse  produced  by  a  (ivcn  sewage  for  the  lower  story.  The  capacity  of  the  •edimentation  lank  or  upper  ator] 
should  be  M  to  H  of  Che  volume  of  the  24-hr.  flow,  which  would  provide  a  rat  period  of  2H  to  3  hr.,  bawd  od  th) 
aTerage  Bow  lakicg  place  In  IS  br.  The  capacity  of  the  lower  itory  or  sludge  chamber  will  depend  tarsely  upon  tki 
relative  strength  of  the  sewage  and  upon  the  frequency  ol  drawins  off  aludge.  An  average  value  would  be  0.008  on. 
ft.  per  capiU  per  day  tor  a  period  of  3  mo.  or  more;  that  is,  it  ibould  hold  the  sludge  that  wo  ' ' 
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place  of  sludge,  etc. 

18c.  Sedimentation  Tank. — Sedimentation  tanks  are  aunilar  to  the  Imhofl 
tanks  in  action  and  operation,  but  differ  in  construction.  The  sludge  digestion  tank,  instead 
of  being  located  under  the  sedimentation  tank,  is  placed  at  one  side  of  it.  The  sludge  ia  drawn 
off  periodically  by  a  sludge  pipe  operating  under  the  head  of  water  in  the  sedimentation  tank 
in  a  similar  manner  to  the  way  in  which  sludge  is  drawn  from  the  lower  chamber  of  the  Imhofl 
tank.  This  method  is  not  entirely  satisfactory  aa  the  sludge  tank  soon  fills  to  a  level  neai 
that  of  the  settUng  tank,  and  then  there  is  httte  or  no  head  to  produce  a  flow  of  the  settling 
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solids,  unless  constructed  at  a  much  lower  level.  A  much  better  plan  is  to  pump  the  solids 
from  the  sedimentation  tank  by  means  of  centrifugal  or  air  lift  pumps.  The  capacities  of 
these  tanks  should  be  the  same  as  for  the  corresponding  stories  of  the  Imhoff  tank. 

19.  Filteis. — The  effluent  from  preliminary  processes  in  most  instances  is  further  treated 
by  Rltration.  There  are  four  types  of  filters  commonly  used :  (a)  slow  sand  filters,  (6)  contact 
filters,  (c)  sprinkling  or  percolating  filters,  and  (d)  sub-surface  filters  or  tile  distribution. 

19a.  Slow  Sand  Filters. — Slow  sand  filters  are  constructed  of  a  layer  of  medium 
coarse  sand  about  2  ft.  thick,  resting  on  a  layer  of  gravel  with  under  drains.  The  effluent  from 
the  tanks  or  other  preliminary  process  is  distributed  over  the  surface  by  means  of  troughs  or 
pipes  in  doses  sufficient  to  cover  the  bed  2  in.  deep.  Sufficient  time  should  elapse  between 
doses  to  allow  for  complete  drainage  of  the  bed  and  for  air  to  follow  the  liquid  into  the  fflter. 
The  filter  should  be  divided  into  three  or  more  sections  or  beds,  so  that  two  beds  can  be  operated 
alternately  while  the  third  one  is  resting  and  being  cleaned  of  any  surface  deposit.  The  surface 
area  of  the  filters  in  use  should  be  so  proportioned  that  they  will  receive  from  6  to  10  gal.  per 
sq.  ft.  per  day.  These  fflters  should  only  be  used  where  it  is  necessary  to  produce  an  effluent 
of  high  degree  of  purity. 

196.  Contact  Filters. — Contact  filters  are  usually  placed  in  large  concrete  tanks 
and  consist  of  relatively  coarse  broken  stone  or  gravel.  The  tank  or  other  effluent  is  discharged 
into  the  filter  periodically,  filling  the  voids  of  the  filter  to  nearly  the  surface  of  the  stone.  It  is 
then  allowed  to  stand  in  "contact"  for  a  period  of  an  hour  or  more  when  the  effluent  is  drawn 
off  for  final  disposal  or  further  treatment.  The  filter  is  then  allowed  to  stand  empty  for  about 
6  hr.  when  it  is  again  filled  as  before.  These  filters  are  used  principally  in  large  installations 
as  an  intermediate  process,  but  occasionally  have  been  used  for  small  installations,  such  as 
would  be  required  for  an  isolated  building,  factory,  or  institution.  The  effluent  from  a  contact 
filter  or  bed  is  far  inferior  to  that  of  a  slow  sand  filter  and  no  better  than  that  of  a  sprinkling 
filter.  In  some  cases  where  extreme  purification  is  not  needed  and  where  there  is  not  sufficient 
head  to  operate  filters  of  other  types,  this  filter  might  prove  to  be  the  best  solution  of  the  problem. 
The  rate  of  dosing  is  usually  about  0.6  million  gal.  per  acre  per  day  with  a  minimum  of  0.3 
and  a  maximum  of  1.0  million  gal.  per  day.  These  beds  are  often  operated  in  series,  as  primary 
and  secondary. 

19c  Sprinkling  Filters. — The  sprinkling  filter  is  one  of  the  newest  and  most 
satisfactory  types  of  filters  where  an  effluent  of  medium  purity  is  satisfactory  for  further  dilu- 
tion in  a  stream  or  body  of  water. 

The  media  used  in  these  filters  is  crushed  stone  or  gravel  from  ^  to  2}i  in.  in  size  and  in 
depth  of  5  to  10  ft.  The  rate  of  operation  varies  from  1.5  to  2.0  million  gal.  per  acre  per  day, 
depending  upon  the  character  of  the  applied  effluent  and  the  degree  of  purity  desired.  The 
removal  of  suspended  matter  and  the  stability  of  the  effluent  are  both  functions  of  the  depth 
of  the  filter  and  the  rate  of  application.  The  treated  sewage  is  applied  usually  by  means  of 
spray  nozzles  automatically  operated  from  a  syphon  chamber  in  which  one  or  more  automatic 
syphons  are  located.  The  rest  period  between  doses  need  be  only  a  few  minutes,  usually  15 
to  30.  From  4  to  9  ft.  of  head  is  required  to  operate  the  nozzles  satisfactorily,  which  in  some 
cases  is  a  great  objection  to  the  use  of  this  type  of  filter  as  such  a  head,  together  with  the  fall 
through  the  filter,  could  not  be  obtained  without  pumping.  There  is  considerable  odor  notice- 
able about  these  filters,  due  to  the  spraying  of  a  foul  smelling  liquid  in  the  atmosphere.  They 
should,  therefore,  be  located  as  far  as  possible  from  inhabited  buildings.  This  type  of  filter 
unloads  its  entrained  organic  matter  in  the  form  of  humus. 

The  unloading  may  take  place  at  frequent  intervals,  but  principally  in  the  spring  of  the  year.  If  there  is  no 
provision  made  for  catching  the  humus,  the  eflBuent  at  times  will  be  very  turbid  and  perhaps  putrescible.  It  is 
therefore  usual  to  provide  a  settling  tank  at  the  outlet  of  the  filters  in  which  the  humus  settles  to  the  bottom. 
Such  a  reservoir  should  have  a  capacity  equal  to  the  volume  of  a  3-hr.  flow.  The  humus  must  be  removed  fre- 
quently from  the  reservoir  as  it  is  highly  putrescible  and  would  gasify  in  a  short  time  and  pass  off  with  the  eflBuent 
if  allowed  to  remain  in  the  reservoir. 

19d.  Sub-surface  Filters. — The  sewage  from  many  isolated  residences,  factories, 
institutions,  etc.,  is  disposed  of  by  the  use  oi  sub-surface  filters  or  tile  drains  laid  in  loose  soils. 
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Some  prelinuDary  treatment  must  always  be  used  to  remove  all  of  the  coarser  matters  and  as 
much  as  poaaible  of  the  settleable  aoUde  which  might  eventually  clog  the  tiles.  For  proper 
distribution  of  the  liquid  in  the  entire  system,  the  tiling  should  be  laid  on  very  slight  grades 
and  all  of  the  lateral  lines  should  be  on  the  same  grade.    The  liquid  should  not  be  allowed  to 

trickle  into  the  majn  dis- 
tribution pipe,  but  should 
be  applied  in  doses  suffi- 
cient to  fill  the  system 
entirely  full,  lliis  can 
be  accomplished  by  the 
use  of  an  automatic 
syphon.  The  amount  of 
tile  necessary  will  vary 
greatly  with  the  charac- 
ter of  the  effluent  to  be 
handled  and  with  the 
character  of  the  soil 
absorbing  the  liquid,  but 
will  likely  vary  between 


10  and  50  ft.  of  4-in.  tile  per  capita  served. 


farm  of  ft  (ub-aurface  filter  (weriO'S,  1,  i 

SO.  Broad  Irrigation.— The 
broad  irrigation  process  consists 
in  irrigating  agricultural  land 
with  the  raw  sewage  or  effluents 
from  preliminary  processes 
T^tis  process  can  be  very  eatis 
factorily  usodin  localities  where 
the  soil  is  very  loose,  such  as 
sand  or  gravel  which  m^ht  be 
found  in  some  of  the  warm 
climates.  The  method  a!  B,p~ 
plication  is  by  wooden  troughs, 
pipes,  or  trenches  made  between  two  furrows, 
raised  on  the  sewage  disposal  area. 
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The  latter  method  is  usual  where  crops  are 


//lArffrom  jj   United  SUtes  Public  Health  Service 

Design. — Prof.  Earie  B,   Phelps  and  others  of 
the  Hygienic  Laboratory  of  the  United  States 
Public  Health  Service,  have  experimented  with 
' ""  "'  a  new  type  of  plant  for  single  houses  or  small 

preliminary  report  they  describe  this  most  interesting  design  in  part  aa 
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laths  of  adjacent  layers  lying  at  right  angles  to  each  other,  and  those  of  the  same  layer  being  parallel  and  spaced 
with  clear  openings  of  3  in.  The  laths  of  alternate  layers  are  so  placed  that  they  will  come  over  the  centers  of  the 
open  spaces  in  the  layer  below.  A  filter  6  ft.  deep  yields  an  effluent  of  high  degree  of  oxidation,  and  one  3H  ft.  deep 
yields  an  effluent  sufficiently  oxidised  to  satisfy  the  requirements  of  most  situations.  A  total  filter  volume  of  8 
ou.  ft.  per  capita  is  required,  or  from  2H  to  12H  W^'  of  sewage  may  be  applied  to  1  ou.  ft.  per  day. 

The  distributor  consists  of  a  tip  trough  similar  to  those  used  in  rain  gages.  A  cross  section  of  this  device  is 
shown  in  Fig.  6.  The  trough  extends  entirely  across  the  filter  and  discharges  upon  tapering  boards  placed  upon  the 
surface  of  the  lath  filter.  As  each  compartment  becomes  nearly  full  the  device  is  overbalanced  and  tips,  rocking 
upon  the  supporting  knife  edge.  The  force  of  the  impact  is  sufficient  to  cause  the  sewage  to  pass  in  a  wave  to  the 
ends  of  the  distributor  boards.  These  boards  are  so  tapered  that  the  distribution  over  the  entire  area  is  rendered 
quite  uniform.  The  performance  of  this  filter  is  much  superior  to  that  of  a  good  stone  sprinkling  filter.  In  &-ft. 
depths  with  subsequent  sedimentation,  it  is  approximately  equal  to  that  of  a  well  operated  sand  filter  2  ft.  deep. 
Comparable  results  of  this  filter  with  a  similar  one  of  stone  are  given  in  Table  4. 


Table  4. — Average  Performance  of  Lath  and  Stone  Filters 


Lath 


Stone 


Rate  (m.g.a.d. ) 

Relatives  stability  of  effluent  (percent) 

Reduction  of  biochemical  oxygen  demand  (percent.) 

Reduction  of  organic  nitrogen  (percent. ) 

Nitrogen  oxidized  (P.P.M.) 


2.90 

3.12 

93.0 

67.0 

89.0 

81.0 

65.0 

•29.0 

4.7 

4.0 

if^bikfpp§ 
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In  the  complete  design,  the  sewage  flows  from  the  Imhoff  tank  through  a  pipe  to  the  end  of  the  distributor 
trough,  and  thence  to  the  filters  as  above  described.  The  effluent  from  the  filter  is  again  passed  through  an  Imhoff 
tank  located  under  the  filter.  The  device  fulfills  in  a  most  practical  way  the  reqtiirements  of  satisfactory  operation 
with  minimum  superintendence. 

It  is  claimed  by  the  designers  that  a  plant  of  this  design,  capable  of  caring  for  10  people, 
can  be  built  for  $250.  The  degree  of  purification  effected  is  sufficient  for  all  purposes  except 
where  the  discharge  is  directly  into  a  water  supply,  in  which  case, 
chemical  disinfection  of  the  effluent  is  recommended  in  addition. 
In  the  northern  sections  of  the  country  it  will  be  desirable  to  pro- 
vide heavy  plank  covers  for  protection  against  winter  weather. 
The  plant  will  operate  without  nuisance,  and  with  a  monthly  in- 
spection and  semi-annual  or  annual  removal  of  sludge  from  the 
tanks,  will  operate  continuously  without  further  attention. 

22.  Selection  of  Method  of  Treatment. — It  is  common  prac- 
tice to  discharge  sewage  and  other  wastes  into  large  bodies  of 

water  and  streams  where  such  are  available.  This  process  of  dilution,  while  correct  in  princi- 
ple where  properly  applied,  cannot  be  said  to  be  a  desirable  one  from  an  esthetic  or  sanitary 
standpoint  The  installation  of  the  simplest  form  of  tank  treatment  will  remove  the 
principal  objections  to  this  process  in  many  instances. 

The  choice  of  tank  design  is  not  always  an  easy  matter  to  decide.  Where  the  sewage  is 
fresh  and  not  broken  up  or  digested,  a  Dortmund  tank  followed  by  an  Imhoff,  as  shown  in  Fig.  7, 
should  give  most  excellent  results.  Where  a  large  factory  or  institution  is  to  be  served  and  the 
disposal  plant  is  not  a  great  distance  from  the  power  plant,  or  where  electric  current  for  power 
purposes  is  available,  the  plain  sedimentation  tank  with  separate  sludge  digestion  tanks  and 
air  lift  pumps  should  give  satisfactory  results  (see  Pig.  8). 

Where  the  body  of  water  or  stream  is  relatively  small  or  incapable  of  oxidising  the  effluent  to  a  stable  condition, 
the  tank  treatment  should  be  followed  by  some  method  of  filtration.  The  type  to  select  will  depend  upon  local 
conditions  as  to  final  disposal  and  the  amount  of  fall  available.  Where  a  partial  purification  will  suffice  and  there  is 
plenty  of  fail,  a  sprinkling  filter  will  prove  the  most  satisfactory,  but  under  the  same  conditions  with  small  fall,  a  con- 
tact filter  should  be  used. 

Where  there  is  no  body  of  water  or  stream  in  which  to  dispose  of  the  final  effluent,  it  must  be  disposed  of  under- 
ground by  subsurface  irrigation,  a  dry  well,  subsurface  filter  or  by  slow  sand  filters,  discharging  upon  the  ground, 
into  a  ditch,  dry  run,  or  ravine.     In  the  latter  case  the  effluent  must  be  practically  as  stable  as  any  surface  water. 
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33.  Inspection  snd  Control  of  Sewage  Disposal  Plants. — All  sewage  dispoeal  plants  should 
be  inspected  periodically.  The  length  of  time  between  inspection  will  depend  upon  the  charac- 
ter of  theplant  and  upon  tbedesreeof  purification  necessary  t«  prevent  a  nuisancebeing  created 
in  the  final  body  of  water  into  which  the  effluent  is  dischai^ed.     Tliey  should  be  inspected  at 
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least  every  three  months  and  the  oftener  the  better     Satisfactory  operation  may  be  judged  by 
sight,  smell,  physical,  chemical,  and  bacteriological  tests  and  analyses. 

Seplic  Tanks. — A  relatively  clear,  light  colored  efhuent  with  little  or  no  odor  at  a  distance 
of  SO  ft,  indicates  good  operation.  A  miUcy  or  light  creamy  colored  effluent  generally  indicates 
that  too  fresh  sewage  ia  leaving  the  tank.  This  condition  may  be  caused  by  the  tank  being 
too  small,  or  by  the  tank  being  loaded  with  sludge  and  the  discharge  taking  place  by  a  short- 
cut passage  through  the  tank,  or  possibly  the  baffles  have  become  removed  and  the  flow  is 


direct  from  the  inlet  to  the  outlet.  If  the  effluent  is  dark  colored  and  contains  particles  of 
black  humus,  the  tank  likely  needs  cleaning  as  it  is  either  now  dischatging  more  organic  matter 
than  comes  into  the  tank,  or  the  flow  into  the  tank  is  erratic  and  is  unduly  disturbing  the 
sludge. 

The  nmedie*  that  ma;  be  applied  for  thcM  defeetiva  oanditUmi  are:  clean  the  tank;  make  naceaaar;  Tepali*.  it 
any;  reduce  eieeaaive  flow  lota  tank,  if  poaaible;  maka  udimantation  tata  and  chemical  sad  bacterialocieal  analrfaa 

At  each  inapeotion.  teati  with  polea  should  be  made  Co  deteTmina  amount  of  eludse  on  the  bottom  of  tha  tank 

Mjid  tba  aaount  vt  Kma-     S««  (hat  floir  Ukes  pUw*  over  full  lennth  of  vein  if  there  ara  any. 
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Imhoff  Tanks. — If  sewage  is  extremely  fresh  when  it  enters  the  tank,  there  will  be  consider- 
able scum  on  the  tank  after  it  has  been  in  use  a  month  or  more.  This  should  not  be  allowed  to 
become  septic,  but  should  be  removed,  forced  under  liquid,  or  broken  up.  Violent  disturbance 
should  be  avoided.  If  effluent  is  dark  colored  with  black  humus  particles  entrained,  eithei:  the 
slot  is  closed  or  the  settleable  solids  have  collected  on  the  slopes  of  the  tank  and  are  becom- 
ing septic.  The  remedy  for  these  conditions  is  to  squeegee  the  slopes,  draw  off  the  sludge,  and 
inspect  the  slot  with  a  long  pole  or  rod.  If  gas  vents  are  foaming,  draw  off  sludge  or  remove 
any  scum  from  the  vents. 

Draw  off  some  sludge  each  month  and  keep  the  aludge  loose  in  the  sludge  chamber  by  the  use  of  water  under 
pressure.     Make  sedimentation  tests  and  chemical  and  bacteriological  analyses,  quarterly  or  oftener. 

Filters. — Sand  filters  must  be  dried  and  scraped  whenever  there  are  signs  of  clogging  to  any 
large  extent.  Sprinkling  filter  nozzles  have  to  be  removed  from  time  to  time  to  keep  out 
matches,  corks,  etc.  When  the  filter  shows  signs  of  clogging,  remove  spray  nozzle  and  plug 
opening  for  a  while.    Humus  tank  under  filter  should  be  cleaned  out  frequently. 

Sub-surfaoe  filters  should  be  inspected  so  far  as  is  possible,  and  in  some  oases  dug  up  if  necessary,  to  determine 
the  cause  of  any  trouble  such  as  odor,  clogging,  putrescibility,  etc. 

Sedimentation  tdsts  and  chemical  and  bacteriological  analyses  should  be  made  quarterly  or  oftener  if  a  high 
degree  of  purification  is  necessary. 
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B;  Frank  R.  Kino 
1.  Outdoor  PrivlM. 

Id,  Deep  Vault  Tjjte. — In  localities  where  senetB  are  not  avaiUible,  where 
private  sewage  disposal  sygterna  are  not  practicable,  or  where  the  water  siippty  in  derived  from 
shallow  surface  wells,  a  sanitury  privy  or  some  other  approved  type  of  toilet  is  essential  for  thp 
safe  disposal  of  human  wast«e. 

An  outdoor  privy  should  not  be  locBt«d  at  a  spot  such  that  liquids  from  the  vault  m^  pass 
either  over  the  ground  surface  or  through  the 
ground.  Where  possible,  it  should  be  located 
at  least  100  to  150  ft.  from  the  nearest  surface 
well  or  spring,  and  no  wat^r-tight  privy  vault 
should  be  located  within  10  ft.  of  any  cistern 
or  within  20  ft.  from  any  surface  water  supply 
used  tor  drinking  purposes. 

It  cannot  sufcly  be  said  that  any  soil  within 
500 or  1000ft.  of  an  open  vault,  privy,  orceas- 
pool  will  protect  a  shallow,  dug  or  drilled  well, 
or  spring,  from  pollution.  Any  soil  full  of 
seams,  a  porous  rock  or  one  full  of  crevices,  or 
a  very  coarse  gravel  may  allow  the  contents  of 
the  vault  or  cesspool  to  leach  to  the  nearby 
source  of  shallow  water  supply  with  little  or  no 
purifinatJon. 

The  privy  must  be  so  designed  and  con- 
structed that  it  can  be  kept  reasonably  clean 
and  in  a  sanitary  condition  without  too  much 
labor.  A  broom  or  service  closet  as  shown  in 
Fig.  1  should  be  provided. 

The  vault  or  pit  must  be  as  doA  as  pos- 
sible, of  adequate  depth,  and  extended  with 
suitable  material,  such  as  concrete  or  masonry 
work,  at  least  8  in.  above  the  surface  of  the  sup- 
roundii^  ground,  so  that  smsll  animals  and 
vermin  c&nnot  have  access  to  the  excreta,  sad  it 
should  be  flyprool. 


■hould  be  cit«nd«d  bflow 
Frits  VouK.— Th€  kii 
(DThelocstionoIt: 


GBHERAL  IRPORHATIOn  AHD  SPBCIFICATIOHS  FOR  PRIVT  COHSTRDCTIOK 

LpporU  Bhould  hr  ot  durable  coutructiaa.  and  nhrn  Dot  ■  part  of  the  vault 
dependa  upon  the  followiriE  ronditioru: 


with  n 


n  [rom  the  eketchee  given. 

(3)  Chsractcr  snd  stkbility  ol  th 

(4)  Chsracler  of  the  materUI  id 
>T  tile  bloDki,  OT  itone  laid  in  morta 


WOlflDO 


mat  the  vault,  (uchaibi 
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(S)  Wbttbcr  the  vKult  1*  lo  be  eonttnutvd  for  permBDciit  KTrin  or  proTided  with  all  opeoini  for  ths  rcmoral 

The  vault  should  have  &  minimum  ioaide  dimenuon  of  at  leut  3  ft.  S  Id.  and  eittoA  the  full  leDith  of  the  prirr. 
U  abould  have  A  depth  of  (rom  5  to  10  ft,,  dependini  upon  the  ohaneter  of  the  aoil  and  liie  of  vault  lervlDa  the 
pvticuUti  situBtian  bat.     Vault*  provided  with  a  eovn  for  oleaniDi  purpoeeg  muat  have  ■  width  of  at  leaat  3  ft. 

from  16  to  18  in.  wide  (Fica.  2  and  3). 

Capacilv  oS  VaviX  for  School  BuiUine  Hannt  an  Aitraet  AUmdanct  of  IS  Childm  Ptr  Day  (For  other  building 


deduc 


raddai 


deposited  per  child  f  d 


1-mo.  lohool  period,  approi 
'oUI  depoait  ptt  cbild  for  a  ft-mo.  school  period.  9  gal. 
'otal  deposit  for  16  children  for  9-dio.  period,  I3S  tal.* 
.  vault  a*  shown  in  Pis.  5,  2  ft.  S  la.  wide,  by  i  ft.  8  in.  loai 


brouch  urinal  Fi(.  1 


ma      c   h         (  h      tun    a    aul   will  serv   w   h  an  n«.  pr  pe   a     wanes  should  be 

I  sbsorplion,  ete..  of  liquid  contenU.     This  depends  upon  the  cbaracUr  of  the  soil  and 
biy  free  from  water.     Appioiimately  S0%  of  the  deposiU  an  or  will  turn  into  liquid  bjr 


i  the  above  capaeiiy,  located 
r.  without  reo Hiring  cleaning, 
melons  and  water-tight  const 
ch  is  enhanced  by  the  vault  v( 


nd  eonttrueted  to  permit  leaching  of  tl 
tilalor.  will  require  removal  of  the  cant 


Floor  Dtiian-  Malmalt,  and  Ctmilruclisn. — The  Saai  should  preferably  be  made  of  eonetete,  reinloroed  with 
steel  rods  where  necessary  <Figi.  2  and  3|.     The  top  coating  should  be  applied  as  soon  as  possible  after  laying  the 

thoroughly  cleaned  and  washed  with  a  cement  grout.     The  top  coating  should  be  at  liut  K  in,  in  thiekneaa,  ol  a 
dense,  rich  mixture,  oomiKaed  of  one  part  Portland  eementand  two  puia  sharp  sand  Ic«e  from  loam,  troweled  and 
78 
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floiitied  to  >  ■mootb  lurfBce  Bud  propErly  cured,     Eiprrienm  hu  provei 
toilet  room  QooiB,  the  top  eoatins  miut  b«  kept  in  ■  mout  itata  by  pro 

Floon  of  wood  coaitTUBtiou  Bhould  oontorm  wiUi  tlie  lollawinc  mil 
IsathBdZ  X  Sin,  ot  sound  materiftlpluwd  Iflia.  center  to  oenUr;  sad  pi 
wall  luppoti  eilandini  kcron  reu  of  VBult  oompased  o[  two  2  X  S-in.  ji 
■eetion  ol  privy  ibown.  The  Boor  ahould  congiat  of  l-in.  dreued.  mi 
deleotJ.  laid  ticht.  in  ■  workmaalike  mBiiner.  *nd  kept  well  punted  and 


oublet 


icknes 


ended. 


i:  Joieta  ehould  be  out 
tumeeiieuid  materiBl', 
jwcordBnce  with  «r«ae 

to  prevent  khaorptioa. 


Canatruction  oj  Flaor  and  Seat  Ri 
nateriKl  other  than  i 
□oaibaoTbei 


wkU  bMe,  and  ri 


■t  ot  2  X  4 


M  should  be  made  of 
rewlily  abeorb  moiiture.  auch  u  concret*  faced  with  cement  or  othm 
le  euily  cleaned  IFig.  2). 

'otected  with  water^prooT  painl 
■k  lor  a  privy  ot  wood  conalniclioi 

Interior  walb  ahould  be  lined  with  droaed  flooring  asd 
ekterioi  walls  covered  up  with  a  fair  grade  of  dreaaed  ahiplap, 
drop  aiditm.  or  a  high-srade  matched  flooring. 

Door,  windowa.  ote,.  ahould  be  well  trimmed. 
The  whole  work  ahould  ba  eieeutad  (ubatantlally.  la 
i  neat,  workmanlike  manner,   with  partioular  regard  to  ei- 
iluding  rain  and  enow. 

Rod/.— The  privy  ahetto-bouae  shown  in  iketcbea  ia  to 
le  provided  with  a  roof  of  ordinary  aubetatitial  wood  « 


t  ft.  . 


—The  roof  ihould  have  eave  troughs  id 
lubatantlal  materialB,  placed  aa  indicated 
)  as  to  ihed  water  from  the  approach, 

'  glaaa  area  tor  a  privy  eoDtaildnc 
i  leaat  4  sq.  tt.  and  2  sq.  ft.  kddi- 
1  seat.     Two  feet  ot  urinal  apace  ia 
Theae  windows  ahould  be  hingsd  at 
krd,  and  be  provided  witk  a 
ind  a  ttanaom  rod  or  abort 
Windows  should  be  so  coo- 
that  they  can  be  opened  to  give  adequate  rcoitibi- 
ahould  be  equipped  with  outside  screena. 
'.—The  door  ahould  be  at  least  iJi  in.  thick,  tt«m  I 
LO  2  It.  S  in.  wide,  and  (ram  S  f t.  S  in.  to  T  ft.  Ugb: 
th  substantial  hinges  and  provided  with  look  and 
reliable  selt-cloaiDg  device  should  be  providnl  ta 

!  asparated  by  a  wood  paitl- 
reurely  anchored  at  bottom  and  top,  and  not  leM  than 
ipaee  ot  10  to  12  in.  should  be  left  between  tlw  Soar 


Each  urinal  trough  ahould  be  so  located  a*  to  have  back  and  ends  or  walla 

Numbtr  of  Seatt  and  t/n'fidfa.— For  plaeaa  of  employment  or  similar  publ 

for  every  20  temalcs,  and  one  seat  and  one  urinal  lor  every  40  males.     For  ti 

and  one  scat  and  one  urinal  tor  every  10  males  at  IraeUon,  eicept  tor  grair 
should  be  one  seat  and  one  uiinal  for  every  3D  males  or  IracUon.     Each  2 


moiatute,  and  m 
Beatoi 


7  should  be  made  ot  wood  painted  and  varnished  tc 


!d  with  Ught-fitting 
<  10  in 


—The  urinal  shown  in  Figs.  I 
to  eonlorm  with  the  eketehaa.     The  wall,  ends,  and  approach   mual 

of  wood,  the  waUa.  enda.  and  floor  muat  be  provided  with  a  No.  24  g 
Bspbaltum  coated. 

To  make  a  concrete  urinal  non-absorbent  the  lollowing  is  required:  . 


be  of  nonabsotbent  material.  When 
coated,  must  be  provided.  When  made 
Jvanlsed  iron  (or  heavier)  faring,  and  be 

top  coating  ti  in.  thick,  ol  a  dense,  rieh 
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i»  p»rt  Portlind  ce 
■  amoDth  aiufaca.     Wall  mnd  >ndi  of  the  i 

Venlilalion  0/  Vuull  and  SI 


meat  ftod  tva  parU  ihup  ■■□d,  fi-m  ftom  loam,  tro«Blcd  and  finished  to 
iriiul  ihould  be  uphallum-ooated,  tbe  ea«tin(  to  be  renened  ttbeaerer 
I  applied  succovfully  only  on  a  perfectly  dry  eurfaee.) 
— Tbc  space  undfli  the  icsts  ahDuld  W  venUlated  by  a  vent  pipe  (Fi«.  3), 

whirb  ebould  have  bd  openiDg  G  in.  square  toi  trrtry  sqnara  yard  or  major  part  thereof  of  the  vault  euitaee. 

This  vent  pipe  should  aitend   upward  froin  the  vault  throucb  and  at  leait  3  ft.  above  the  rool.  and  be  ooo- 

Htructed  of  wood  or  No,  21  (elvaniied  gheel  iron.     Thus  a  two-aeat  privy  should  have  a  vent  pipe  i  X  12  in.  or 

its     equivalent     in    aiie.     It    is    recommended    thst     this 

vcntilHtor   be    equipped    with    aa    eflicient   vent   hood    t 

guard  aninst  down-dialta     (An  efficien 

aidered  to  be  s  vent  terminal  provided   with  a  hood  of  the 


Smic 


■s  the  ' 
1    Clot. 


—The  a 


ntiatly  built  of  dreaaed  luml 


bottom  of  the  cabinet.     The  top   of 
not  higher  than  7  ft.  above  the  pri 

paper,  lime  or  other  diainfectsnt,  ai 

Entranci  Screen.— The  eotrsnce 
provided  with  aa  adequate  acreen  of 
equivalent,  ao  placed  as  to  shut  of!  th< 
acreen  may  be  of  wood  lattice  constru. 
12  in.  should  be  left  between  the  grc 
fiK  to  e  ft.  above  the  aurfsce  of  the  ground. 

Poinlina  0/   Wtodm  Pritiji  —The  eiterior  of  privies  of  wood'coi 

Dtiignaliim  0/  Sei.—Ktcb  privy  should  be  distinctly  marked  wi 

tb.  Earth    Excavation    or    Pit    Type.— Where    the    ground    has     sufficient 
■tability  to  prevent  caving  in,  the  earth  pit  (Pig.  5),  properly  protected  near  the  surface  of  the 


i  and  the  b 


n  of  thi 


ground,  may  under  favorable  conditions  succeaafully  be  aubatituted  for  the  permanent  type 
of  vault.  Its  advantages  are  simplicity  of  construction  and  the  easy  removal  of  the  shelter- 
house  to  a  new  location  and  pit;  the  disadvantages  areitsunsuitabilityinlowor  swampy  lands, 
in  soil  not  free  from  water  or  of  seamy  clay  or  rock  formation,  or  where  there  is  danger  of  pol- 
luting surrounding  soil  or  water  supplies.  For  other  particulois  consult  vault  requirements  in 
the  preceding  article. 
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Ic.  Water-tight  Vault  Type. — ^The  design  and  construction  of  tliis  type  of  privy 
are  in  every  particular  the  same  as  those  of  the  deep  vault,  except  that  the  vault  is  of  water-tight 
construction  (Figs.  3  and  6). 

The  vault  content  of  this  type  is  in  most  cases  found  in  a  semi-liquid  state  except  where 
each  successive  deposit  is  covered  by  a  layer  of  ashes,  lime,  or  dry  earth.  Ck)ntentB  must  be 
removed  at  more  frequent  intervals  than  required  with  the  soil  absorption  type.  The  use  of 
this  privy  is  now  generally  required  wherever  there  is  danger  of  contaminating  a  drinking  water 
supply. 

Id,  Septic  Privy  (Commonly  Known  as  (he  L,  R,  S,  type), — ^The  so-called 
septic  privy  consists  of  a  tank  usually  having  two  or  more  compartments  of  substantial  water- 
tight construction,  each  of  a  certain  required  capacity.  The  first  compartment,  or  receiving 
chamber,  is  situated  below  the  seat  opening.  The  tank  is  provided  with  one  or  more  manholes 
so  placed  that  the  interior  is  made  accessible  for  cleaning.  Baffle  walls  and  inverted  outlets 
are  so  placed  and  constructed  as  to  allow  the  liquids  to  pass  over  to  the  disposal  unit  (Fig.  7). 

Capacity  and  Depth, — The  size  of  the  compartments  should  be  based  on  the  number  of 
persons  using  the  privy.  The  first  compartment  (the  liquidation  and  sedimentation  chamber) 
should  have  a  minimum  capacity  below  the  water  line  of  at  least  25  gal.  per  person  using  the 
privy,  but  in  no  case  should  the  liquid  contents  capacity  of  the  first  compartment  be  less  than 
100  gal.  and  the  depth  less  than  36  in.  The  second  compartment  (liquid  effluent  chamber) 
should  have  a  minimum  capacity  of  6  gal.  per  person,  but  in  no  case  less  than  50  gal. 

Capacities  and  dimensions  in  accordance  vrith  the  following  table  are  considered  good 
practice  to  follow : 


Number  of  per- 
sons using 
privy 

Capacity  of  first 
chamber  below 

waterline 

(gallons) 

Capacity  of  second 

comp't  below 

waterline 

(gallons) 

Volume  depth 
(inches) 

Distance  above 

waterline 

(inches) 

Combined  length 

of  absorption 

trenches 

(feet) 

5 
10 
15 

125 
200 
275 

50 

75 

100 

36 
40 
40 

12 
to 
24 

20  to  30 
30  to  40 
40  to  50 
(Fig.  7) 

Disposal  of  the  Effluent, — Disposal  of  the  liquid  flowing  from  the  second  compartment  is 
effected  by  means  of  soil  absorption  in  a  manner  similar  to  the  disposal  of  effluent  from  resi- 
dential septic  tanks,  or  as  described  in  Art.  2  relating  to  chemical  closet  tank  contents  dis- 
posal. Owing  to  the  comparatively  small  amount  of  liquid  to  be  disposed  of,  a  much  leas 
amount  of  drain  tile  or  trench  is  required. 

Operation. — It  is  obvious  that,  although  by  bacterial  action  the  septic  privy  changes  the 
major  part  of  solid  wastes  into  liquid,  the  liquid  and  solid  wastes  still  are  as  dangerous  to 
health  as  is  the  original  fecal  matter.  Care  must  be  exercised,  therefore,  in  their  disposal  and 
the  system  operated  in  accordance  with  the  principles  under  which  the  system  functions, 
namely : 


1.  On  the  completion  of  the  system  or  before  it  is  placed  in  use,  the  vault  must  bo  filled  with  water  (prefer- 
ably rain  water). 

2.  Water  must  be  added  at  frequent  and  regular  intervals  so  as  to  maintain  an  approximately  fixed  water  level. 
Five  or  more  gallons  per  week  are  usually  required,  depending  on  the  sise  of  the  vault  and  the  degree  of  loss  by 
evaporation. 

3.  Sludge  or  residue  must  be  removed  from  the  bottom  of  the  vault  whenever  it  rises  to  exceed  a  depth  of 
one-fourth  of  the  liquid  contents. 

4.  Heavy  surface  scum  must  be  broken  up  at  intervals  and  allowed  to  settle. 

5.  All  material  other  than  fecal  matter,  toilet  paper,  and  water  must  be  excluded. 

6.  Disinfeotors,  deodorisers,  and  other  chemicals  must  be  excluded  because  they  retard  materially  bacterial 
action  and  liquidation. 
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In  coonection  with  public  places,  the  foregoing  mfuntenanee  prmciplee  generally  must  be 
followed.  It  is  obvious,  therefore,'  that  this  type  of  privy  is  not  suitable  for  public  or  semi- 
public  buildings. 

The  principal  itulailatitm  fadon  that  require  observance  are: 

1.  Locition  d(  the  privy  with  tdense 
3.  Character  o[  the  soil  u  to  eSsctiTe 

3.  Dtaign  and  capacity, 

4.  Water-tiEht  vault. 

5.  Climatic  coDdilioni  (protmtion  aiaiiut  froal,  etc.}. 
T.  Recular  and  ■yatematic  maintenanee. 

It  is  claimed  that  this  type  of  privy,  under  suitable  climatic  and  certMn  other  favorable 
conditions,  has  some  advantages  over  the  common  type.  Its  satisfactory  operation  under  all 
conditions  has  not  as  yet  been  established,  nor  has  it  been  proven  that  it  makes  for  a  reduced 
cost,  less  car«,  or  a  safer  disposal  of  the  vault  contents. 

le.  Commercial  Septic  Privy. — Various  makes  of  this  type  can  be  found  in  the 
market,  similar  in  principle  of  operation,  design,  and  construction  to  the  septic  privy  previously 
described. 

If.  Removable  Bucket  or  Receptacle  Type.— A  privy  of  this  design  differs  from 
the  other  types  treated  only  insofar  as  it  b 
equipped  with  a  removable,  water-tight  bucket 
or  larger  receptacle  for  receiving  the  fecal  de- 
posits, rather  than  with  an  undei^ound  con- 
tainer of  other  vault  types  previously  described  - 
(Fig.  8). 

The  advantages  of  the  removable  bucket  ^ 
privy  are:  (1)  It  may  be  erected  and  removed 
quickly;  (2)  it  involves  a  low  initial  cost;  and 
(3)  when  eSectively  operated,  it  guards  against 
pollution  of  the  surrounding  surface,  soil,  or 
water  suppUes. 

The  disadvantages  are:  (I)  Its  capacity  is  limited  accordii^  to  the  siie  of  the  receptacle 
and  the  number  of  users,  thus  requiring  regular  and  frequent  attention.  GeneraUy  this  degree 
of  care  is  not  given,  resulting  ia  overflowing  vaults  and  highly  dangerous  conditions.  (2) 
Deposits  are  more  aocessUile  to  flies  and  vermin  than  in  any  of  the  other  types  of  privies  des- 
cribed. (3)  The  deposits  are  more  subject  to  sun  heat  than  those  in  deep  vaults,  thus  intens- 
ifying putrefaction  and  fermentation  and  causing  oSensive  odors.  (4)  In  cold  climates  the 
bucket  contents  are  subject  to  frost,  malcing  satisfactory  removal  more  difficult. 

Important  requirements  relating  to  demgn,  construction,  use,  and  maintenance  include 
the  following: 


■t  ij-pB  privjr. 


1.  It  ia  hisbly  enentiat 

b«  roade  Qy-proat.  and  buiJt 

3.  That  thii  privy  have 

3.  That  the  [eoepUcles 

*.  That  the  aeat  eover» 


iroperlj-  draicDMl  and  conalm<4ed  with  relation 


a  that  the  Doataioera  can  readily  be  removed  and  replaced. 

mo  or  mere  ■eala.  each  provided  with  a  receptacLe. 

ad  houainc  encloaure  be  ao  dcaisned  that  all  porta  can  be  maintained  tl 

«  lelf-clcaina  and  the  openii 
1.  or  larfer  receptacle  uaed. 
6.  Tbat  the  receptaclea  be  of  proper  deaisn.  Jcind,  weisht  and  quality  and  of  water-tifht  oonitrut 
S.  That  tho  receptacla  must  be  ao  located  and  Gttad  betow  the  uat  ai>eiiinv  that  Ibey  will  receiv 
poaita  without  apatterini  upon  adiaeent  lurfaca. 

T.  That  aaligfactory  meani  for  resular  diapoeal  of  the  depoaita  be  provided, 

S.  This  type  ot  privy,  bein(  aSeeted  by  elimatie  condition*  (heal  and  eidd),  it  ia  e«entia1  that  d 
weather  each  succeaiive  depoait  of  feeal  matter  be  covered  with  a  layer  of  dry  earth  in  order  to  abao 
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mded  by  muti*  of  a  vent  pipe  ciMndliiB  Irom  the  bucket  cncloaiire  to  ■ 


This  type  of  privy  usually  proves  unaatisTactory  in  respect  to  service  &nd  comfort  in 
that  it  requires  more  care  than  the  average  individual  is  disposed  to  bestow  upon  it.  If  it  i« 
to  render  a  reasonable  degree  of  adequate  service  and  prove  safe  tor  the  public,  it  must  be 
under  the  direct  supervision  of  a  highly  devel- 
oped, effective,  community  scavenger  service 
system. 

Ig.  Double    Compartment, 
Alternating   Dae,  Shallow,  Water-tight  Vault 
Type. — This  type  of  privy  must  always  have 
two  or  more  seats,  each  provided  with  a  sepa- 
rate vault  of  Buflicient  capacity  to  allow  for  a 
six  months'  or  longer  rest  period  for  the  vault 
deposits,  which  is  accomplished  by  alternating 
use.     The  fecal  deposits   are  thus  seasoned, 
making  the  final  disposal  of  the  residue  less 
id  objectionable.     The  alternating  method  of  use  to  promote  the  seasoning  of 
still  is  in  the  experimental  stage.     Experience  with  park,   fair-grounds,  and 
considerable  time  (often  six  months  or  longer),  has  demonstrated, 


vault  type  I 


dangerous 

the  vault 

simitar  vaults  unused  for 

through  the  rest  period  thus  gained,  that  the  objectionable  odors  usually  prevailing  in  and 

around  the  vaults  can  be  to  a  large  extent  eliminated. 


Thii  type  of  pi 


y  ebould  be  operated  aa  a  dry  vault,  wfai 
a  miituro  of  eithet  o(  Ihae,  ot  it  may  be  ■  _ 
thst  the  vault  hia  a  limited  capacity,  and  tbat 
case  muat  therefore  be  removed  more  often 


Operalion  Precautione. — Nothing  but  fecal  deposits, 
toilet  paper,  or  earth,  lime,  or  ashes  used  for  covering 
deposits  should  be  allowed  to  enter  the  vault,  and  an 
adequate  quantity  of  this  material  should  be  used  to 
maintain  the  vault  in  a  semi-dry  state.  Before  the 
vault  has  been  used,  and  after  its  cleaning,  a  layer  of 
horse  manure  2  in.  thick  should  be  placed  on  the  bottom 
of  the  vault,  and  this  followed  by  a  layer  of  dry  earth 
mixed  with  Ume  to  a  depth  of  2  in.  This  will  aid  materi- 
ally in  the  decomposition  of  the  contents.  The  resting 
compartment  must  not  be  used  during  the  seasoning 
period,  and  effective  vault  ventilation  must  be 
maintained. 

3.  Chemical  Closeti  (Type:  Bt»d  and  Tank). -^ A 
chemical  closet  system  consists  of  a  vitreous  china, 
trapless  bowl,  equipped  with  a  hinged  seat  and  cover, 
similar  in  design  and  dimensions  to  the  railroad  coach 
bowl.  It  differs  from  the  modem  water-flushed  bowl 
in  its  design,  is  larger,  and  lacks  the  water-sealed  foul-air-excluding  trap. 

The  urinal  in  the  chemical  closet  aa  now  constructed  is  of  the  lip  or  trough  type,  and  the 
trap  is  omitted  simitar  to  the  water-flushed  trough  or  Up  patterns.  Deposits  in  the  bowl  or 
urinal  are  conveyed  through  an  untrapped  metal  tube  or  pipe  to  an  iron  tank  and  retained  in  a 
strong  chemical  solution  for  sterilisation  and  deodorization.  Removing  of  offensive  odon 
emanating  from  the  tank,  bowl,  urinal  and  room  is  sought  by  extending  from  these  units  a 
vent  pipe  of  metal  construction  within  the  building  and  through  ttnd  brought  above  the  h'ghfwt 
point  of  the  roof. 


!  chemical  sIoMt. 
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Liquefaction  and  sterilization'  of  fecal  matter  and  its  deodorization  are  accomplished  to  a 
marked  degree  by  the  action  of  the  cauatic  sodasolutioD  with  which  the  tank  ie  charged  to  about 
one-fifth  of  its  capacity.  Removal  and  recharging  of  the  tank  contenta  are  required  about 
every  6  mo.  (Fig,  10). 

Chemical  closets,  frequently  defined  as  "waterless  toilete, "  are  still  in  the  early  Btages  of 
successful  development.  The  degree  of  satisfactory  service  thia  typo  of  closet  will  render  de- 
pends, obviously,  upon  the  specific  conditions  existing,  as  well  as  upon  the  type  or  make  of  the 
ayatem,  the  manner  of  installation,  its  use  by  the  individual,  and  the  care  given  it.  IJke  other 
types  of  waterless  conveniences,  chemicalclosetsdonot  afford  supplementary  sanitary  aids,  such 
as  running  drinking  water,  bathing  or  washing  facilities,  and  to  thia  extent,  where  other  condi- 
tions are  equal,  they  are  deficient  when  compared  with  water-flushed  toilets,  so  tar  as  they  con- 
tribute to  personal  convenience,  comfort,  hygiene,  and  general  sanitation. 


lickl  cloMt  InatklUtion, 


In  localities  where  public  water  supply  or  sewerage  systems  are  not  available,  or  where  an 
it  private  watersupply  system  of  the  "compressed  air  storage"  or  "air  pressure  delivery" 
type  or  its  equivalent  cannot  reasonably  be  provided  and  maintained,  or  where  the  lay  of  the 
land  and  character  of  the  soil  are  such  that  the  effluent  from  a  sewage  treatment  tank  cannot  suo 
cesafully  be  disposed  of  by  one  of  the  variously  known  methods,  a  chemical  closet  conforming 
with  the  minimum  requirements  outlined  in  this  chapter  may,  in  some  instances,  and  under 
certain  favorable  conditions,  give  a  degree  of  satisfaction. 

The  majority  of  states  and  smaller  municipalities  have  no  regulations  prohibiting  use  of  tbe 
chemical  closet  except  where  public  sewer  and  water  services  are  available.  A  few  states  grant 
permission  to  install  such  closets  under  permits,  subject  to  rules  and  regulations.  Character 
of  the  premises,  kind  of  building,  purpose  for  which  it  is  to  be  used,  type  of  system  and  method 
of  installation  are  all  taken  into  consideration  in  passing  upon  tbe  approval  of  the  installation. 
In  granting  permission  the  state  or  local  governing  body  usually  makes  it  plain  m  tbe  permit  that 
it  does  not  assume  responaibihty  for  the  satisfactory  operation  of  the  installation  in  whole  or  in 
port,  and  that  it  reserves  the  right  to  order  the  removal  of  tbe  system  should  conditions  dangerous 
to  health  arise  through  its  use. 

In  order  to  insure  a  proper  degree  of  comfort,  safety,  and  sanitation,  the  installation  should 
conform  in  every  respect  with  the  federal,  state,  and  local  requirements  relating  to  (1)  number 

■  Furienticii  throufb  tbe  dtatructioD  of  bkctsiu  and  other  diHaK-produsins  otbuuhu  ttkai  [riaM  in  tUf 
coHuue  with  the  d««r«  of  th*  pbanol  oo«a«iwt  Q(  (Iw  «twild«(i)  NltttiO^  wlMt  li  <«b}«et  to  d«t«riarati^ 
iai  bom  (teal  uid  miiuJ  depcaiu, 
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and  kind  of  fixtures,  (2)  "housing"  design  of  enclosurei  (3)  standards  of  construction,  (4)  kind  of 
materials  for  floor,  walls,  and  partitions,  (5)  effective  room  ventilation  through  exterior  windows 
and  vent  flues  (as  the  case  may  require),  (6)  adequate  light,  (7)  proper  location  with  regard  to 
convenience  and  privacy,  and  (8)  its  maintenance,  as  demanded  by  the  special  make  of  closet 
and  appliances  to  be  adopted  (Fig.  11).  In  the  main  these  essential  requirements  conform  with 
those  for  water-flushed  toilets. 

The  materials  entering  into  the  various  units  comprising  the  system,  must  be  of  proper 
design  and  durable  construction,  and  so  installed  and  maintained  that  the  highest  possible  degree 
of  efficiency  is  insured. 

Tank. — The  tank  should  be  cylindrical  or  oval  in  form  and  be  made  of  durable,  best  grade  iron  or  steel,  not 
less  than  No.  14  gage,  thoroughly  coated  on  the  outside  with  tar  or  asphaltum,  applied  hot,  or  with  other  ap- 
proved compounds.  The  exterior  of  the  tank  where  not  exposed  should  further  be  protected  by  two  or  more 
coats  of  burlap,  each  laid  in  hot  tar  or  asphaltum,  or  some  other  efficient  waterproof  covering. 

It  is  considered  good  practice  to  require 
that  the  operating  capacity  of  the  tank  for  a 
single-bowl  installation  for  ordinary  um  be 
from  125  to  150  gal.  and  increased  in  the  ratio 
of  100  to  125  gal.  for  each  additional  bowl  or 
urinal.  For  school  building  me,  the  tank 
capacity  shoiild  not  be  less  than  10  gaL  per 
pupil  based  on  a  9  months  school  period. 

Occupational  use  of  the  building  and 
facilities  for  successful  removal  of  tank  con- 
tents and  the  care  of  the  system  are  factois 
that  must  be  taken  into  consideration. 

It  is  important  to  have  openings  pro- 
perly spaced  with  relation  to  all  fixtnres 
tributary,  and  that  joints  and  oonneotioas 
subject  to  liquid  action  be  made  properly  1^ 
means  of  riveting  or  welding,  or  in  other 
approved  manner. 

Urinal. — In  order  to  render  any  degree  of 
satisfactory  service,  the  urinal  must  be  of  a 
high  grade  in  design  and  construction,  such 
as  vitreous  chinaware  (jointless)  or  equivi^ 
lent  material,  of  the  bowl  or  pedestal  type 
equipped  with  a  hand  or  foot  operated 
cover,  or  as  shown  in  Fig.  12,  set  flush  with 
the  floor  and  extend  upward  to  a  height  from 
4  to  5  ft.  It  should  be  provided  with  an 
integral  lipped  bottom,  side  shields,  baok, 
hooded  top,  vent  and  drain  connections.  The 
floor  of  the  room  should  be  graded  towards  and  into  the  urinal.  Care  as  needed  and  effective  ventilation  by 
means  of  a  separate  vent  are  essential. 

Drop  Tube. — The  connecting  or  drop  tube  between  the  bowl  and  tank  must  be  free  from  offsets.  It  is  recom- 
mended that  it  be  11  or  12  in.  in  diameter  and  not  more  than  4  ft.  long  (shorter  where  practicable),  and  that  it 
be  made  of  substantial  and  durable  materials  capable  of  withstanding  the  eroding  effects  of  urine.  Materiab  with 
this  qualification  include  copper,  lead,  brass,  cast  iron  enameled  on  the  inside,  or  some  other  non-absorbent,  smooth 
finished  and  indestructible  material. 

The  outlet  from  the  urinal  should  be  equipped  with  a  removable  bee  hive  strainer.  Connecting  drain  mater- 
ials must  be  of  the  proper  kind,  weight,  and  quality,  as  direct  as  possible,  and  the  inside  made  accessible  for  the 
removal  of  stoppages  where  necessary  by  means  of  cleanout  plugs  properly  placed  (Fig.  12). 

All  waste  carrying  tank  inlets  should  extend  into  the  tank  from  1  to  2  in.  so  as  to  convey  urine  directly  to  the 
chemical  solution  or  the  tank's  liquid  contents. 

VentiUUion. — The  ventilating  system  should  be  so  designed  that  it  will  prove  effective  under  sx>ecifio  e<mdi- 
tions.  For  a  single  fixture  a  pipe  of  4-in.  dimension  or  larger  (and  correspondingly  large  for  additional  fizturea), 
free  from  horisontal  changes  in  direction,  usually  is  extended  within  the  building  to  the  nearest  high  point  of  the 
building,  carried  through  the  roof  two  or  more  feet,  and  the  vent  terminal  surmounted  with  an  effective  vukt 
hood  of  the  siphonic  action  type.  Or  if  desired,  forced  ventilation  by  means  of  motive  power  or  heater  may  be 
adopted. 

The  material  and  joints  used  for  ventilating  devices  should  be  substantial  and  of  a  quality  capable  of  with^ 
standing  the  action  of  moisture  and  gases  emanating  from  the  fixtures  and  tank. 

Certain  basic  factors  in  connection  with  the  ssrstem  are  such  that  it  is  essential  at  all  times  to  maintain  ven* 
tilation  through  the  closet  bowl  in  addition  to  satisfactory  ventilation  of  the  intervening  room,  sometimes  termed 
the  "buffer'*  room. 
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FiQ.  12. — Details  of  urinal  construction,  rising  from  floor  tjrpe. 
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ped  with  a  6-in.  or  larger  drain  tile  with  joints  H  iQ-  apart,  laid  at  a  grade  ot  ^i  to  }i  in.  to  the  foot.  The  oulne 
contents  capacity  of  the  tile  should  be  equal  to  the  tank  volume  to  be  discharged.  The  period  of  Batiafaeiocy 
operation  for  a  trench  thus  made  depends  upon  the  character  of  the  soil  and  the  amount  of  solids  or  auapended 
matter  contained  in  the  liquid  waste  discharged.  Existing  conditions  relative  to  wells,  springs,  streams,  or  other 
sources  of  water  supply,  or  likely  to  create  objectionable  situations,  must  all  receive  careful  attention. 

3.  By  discharging  into  a  dry  well  or  leaching  basin  (Fig.  136)  consisting  of  an  underground  chamber  or  wdl 
provided  with  a  manhole  and  cover,  walled  up  with  material  allowing  the  liquids  to  percolate  through  it,  audi 
as  dry  rubble  or  brick  wrok.  The  capacity  should  be  at  least  2  to  5  times  that  of  the  tank  contents  volume.  The 
lower  limit  is  to  be  taken  for  clay  or  compact  soil  and  the  upper  limit  for  sand,  gravel,  or* equal  soil,  or  by  means 
of  a  combination  trench  and  dry  well  (Fig.  13c).  The  more  important  requirements  which  must  be  taken  into 
account  are  the  lay  of  the  land,  character  of  the  soil,  amount  of  liquid,  character  of  waste  to  be  disposed  of, 
location  with  respect  to  wells  or  other  water  supply  sources,  and  grade  (not  less  than  H  i^-  P^  ft.)  of  the  drain 
from  the  tank  to  the  basin. 

Acee»8ib%lity. — The  cleanout  opening  of  the  tank  should  be  so  located,  and  where  practicable  the  tank  so  en- 
cased, that  access  to  it  for  inspection  purposes  may  be  readily  possible.  When  the  cleanout  is  placed  outside  the 
building,  it  should  have  a  concrete  manhole  and  cover. 

Tank  cleanouts  should  not  be  placed  within  the  building  when  it  is  proposed  to  remove  the  tank  contents 
by  pumping  or  dipping. 

Chemical. — The  phenol  coefficient  of  the  chemical  used  should  be  clearly  stated  on  the  package  or  container 
of  the  manufacturer,  and  the  chemical  should  be  a  dry  caustic  of  standard  commercial  quality  with  a  phenol  co- 
efficient of  at  least  15.  The  charge  per  bowl  or  urinal  is  from  20  to  30  lb.,  dissolved  in  water  according  to  the 
manufacturer's  instructions.  The  chemical  solution  thus  used  must  be  maintained  at  all  times  of  such  atrength 
as  to  sterilise  effectively  the  contents  of  the  tank. 

Care  of  the  System. — It  is  extremely  important  in  securing  serviceability  and  sanitary  efficiency  that  the  in- 
stallation be  maintained  clean  and  in  good  repair.     It  should  be  operated  in  accordance 
with  the  manufacturer's  instructions  and  state  or  local  regulations. 
^vtf-pipe  tx-  -''n  Quaramiee. — The  engineer,  architect,  installer,  or  owner  should  require  the  manufae- 

ro0^^'^ti  turer  to  give  a  bona  fide  guarantee  governing  all  parts  of  the  system  and  its  successful 

Amma  show      I  operation,  as  set  forth  by  the  manufacturer  and  in  the  terms  of  agreement  and  contract. 

mrfSahon        |  The  data  given  in  the  foregoing  paragraphs  are  intended  to  serve  as  a 

guide  for  installations  to  be  placed  within  or  in  connection  with  buildings 
serving  for  human  habitation.  Certain  minor  modifications  as  to  building 
structural  features  may  perhaps,  in  some  cases,  be  permissible  where  the 
system  is  housed  in  a  detached  outdoor  building.  It  is  extremely  im- 
portant, however,  that  all  such  installations  be  carefully  planned,  specified, 
Pig.  14.— PorUble      and  installed. 

3.  Portable  Chemical  Closets. — The  portable  type  of  chemical  closet 
consists  of  a  cabinet  constructed  of  wood  or  metal,  equipped  with  a  removable  metal  can  or 
bucket,  and  charged  with  a  caustic  chemical  solution  (soda  dissolved  in  water)  in  the  ratio 
of  approximately  1  pint  of  chemical  to  3  or  4  pints  of  water. 

Disposal  of  the  bucket  or  can  contents  must  receive  attention  at  regular,  frequent  intervals, 
and  must  be  accomplished  in  such  a  manner  as  not  to  create  a  nuisance  or  other  objectionable 
conditions. 

Ventilation  of  the  cabinet,  bucket,  and  room  is  sought  by  extending  a  vent  pipe  from  the 
cabinet  through,  and  to  a  point  above,  the  roof  (Fig.  14). 

There  are  numerous  makes  of  these  closets  offered  to  the  trade,  each  with  attractive  names  and  promising 
inducements.  Experience  and  trial  installations  have  repeatedly  demonstrated,  however,  that  this  type  of  chon- 
ioal  closet  is,  in  the  large  majority  of  cases,  entirely  unfit  for  public  or  semi-public  building  use.  If  the  portable 
chemical  closet  fills  a  need,  it  must  be  found  in  the  home,  where  the  service  it  will  render  depends  on  the  manner 
of  installation  and  the  regular  care  that  it  is  likely  the  individual  user  will  give  to  keep  it  in  a  proper  sanitary 
condition.  If  permitted  at  all,  its  use  therefore  should  be  restricted  to  the  private  home  or  places  where  the  same 
degree  of  intensive  care  is  devoted  to  its  maintenance. 

4.  Dry  Closets  {Type:  Heated  Air  CirculaHon  and  Burning  Out  of  Vault  Contents), — 
The  dry  closet  system  as  now  designed,  constructed,  and  operated  may  be  defined  as  a  sanitary 
appliance  of  questionable  merit.  It  consists  of  a  vault  equipped  with  toilet  seats,  urinal,  air 
ducts,  dampers,  heaters,  etc.,  and  is  intended  to  dispose  of  urine  and  excreta  by  means  of 
warm  or  heated  air  and  periodical  burning  out  of  the  remaining  dry  fecal  matter.  The 
satisfactory  functioning  of  the  system  is  subject  to  numerous  conditions,  including  design, 
construction,  materials,  occupational  use  of  the  building,  and  the  necessity  of  constant  care  in 
its  operation. 


Stat  and  /f  apprr.— Than  compriie 
■tructioD.  ■tUchsd  M  ft  OMt-iron  plate  mount 

Vrinal.—Tbii  aoniiiU  of  a  >Ull  riiiac 
froin  the  Qtwr.  conitrucUd  of  iIub,  alate, 
iron,  or  eqiMlly  auiCable  and  eubaUntial  noa- 
■bwnbenl  material.  Tbs  bottom  of  the  lUlI 
haa  an  opeo  trousb  or  Butter  lesdiDE  directly 
to  the  »auLt  or  into  a  ventilated  iratrr-tiaht 
duct  ternuaatinc  in  the  dryini  vault  (Fia.  10). 
The  floor  of  the  toilet  nwmahauld  elope  Irom 
all  point*  toward  and  into  the  urinal  trousb. 

DejMMtU. — The  urioe   or    fecal   depoaita 


WATERLESS  TOILET  CONVENIENCES 

hinaed  •eU-cloaina  leat  Sited  to  an  iion  hoppe 


1243 


i,  and  drisd  aoli 


vault,  the  liquid*  evai 

natter  diapoaed  of  by  cremation,  or  "bu 

out"  (Fit.  17). 

Voufl. — The  vault  1«  of  water-tiitt 
■od  of  a  length  w  may  be  required  but  nol 


ftffrePSd 


Imartadrc^ffMidinnir 


Pio.  16. — AltemaUv*  floor  plao  of  dry  cloart  ■yit«m. 

keroacne  oil,  ataitinc  iha  burning  out  fir*  at  the  Beat  openins  rwartat  to 
inloliea,  dampeta,  Tto.,  aa  the  prooea*  may  rsquire;  and  (3)  by  remorinc  and 
maimer  and  placinc  tbe  ayatem  in  lood  npalr  and  etfMtive  operatina  conditioi 


plan  of  dry  cloaet  ayBtem* 

width,  4  to  5  ft  In  d<vth. 

with  dryinc  deeki  utd  tSx 

(fid.  IS  and  IS). 

iXipoHj  0/  Vaull  CantlmU.— 

The  capacity  of  the  vault  ot  doot 

below  the  aeata  ia  euch  that  the 

moved  at  refular  intervala.  Thia 
ii  aceompliahed  <1)  by  pladnc  a 
■  malt  amount  of  wood  direetly 
below  ths  asat  oponinc  (Fia.  17) 
before  the  ayatem  ia  put  into  uM 
and  operatina  it  so  aa  to  dry 
thorouEhly  the  vftult  oontenta; 
(2)  by  firina  the  atack  heater  •<> 
aa  to  produce  an  effective  draft 
(Fi«>.  le,  ie,»nd  IT),  andaaturat- 
inc  the  dried  eierela  depoaita  with 
.he  foul  air  atack,  and  adjuatina  air 
<  r«eidDe  in  a  proper 


V  VovU  Hialeri. — The  ayatem  functiona  by  meant  ot  air  circulation,  and  i*  therefore  dependent  upon 
■  larca  TOlume  of  warm  lur  havina  a  eonataot  flow  Uirouah  the  vault.  To  aeoompliah  thia  a  vent  Dn«  or  atack 
of  brick  or  equivalent  conatruDtlon  la  placed  at  the  end  of  the  "ran"  or  vault,  la  tin  baae  of  which  an  adequate  flra 
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must  be  kept  at  all  timee  while  a  deposit  remains  in  the  vault  (Fig.  17).  When  air  is  taken  from  outside  the  build- 
ing or  where  the  foul  air  from  the  building  is  used  and  is  not  sufficiently  heated,  a  vault  heater  is  placed  in  the 
inlet  end  of  the  vault  in  which  a  fire  is  maintained  for  the  purpose  of  heating  the  air  to  a  degree  neeessary  to  dry 
the  vault  contents  and  effectively  ventilate  without  interruption  through  the  stack,  vault,  seat,  urinal,  and  toilet 
room  (Fig.  17). 

Location  of  Syatem. — Toilet  conveniences  and  appliances  in  connection  with  this  tjrpe  of  system  must  in  nearly 
all  cases  be  installed  in  the  basement  of  the  building  (for  arrangement  consult  Figs.  16  and  16). 

Alternative  Installation  DetaiU. — An  adequate  exhaust  fan  may  be  used 
as  an  assistant  to  the  stack  heater.  If  used  without  the  heater  it  must  be 
in  two-unit  form  so  that  one  can  be  kept  in  constant  operation.  When 
vault-drying  air  is  taken  from  the  outside,  vault  heaters  must  in  all  cases 
be  used  (Figs.  15  and  16).  When  air  is  taken  from  the  building,  dampers 
or  shutters  must  be  used  to  prevent  back  flow  when  the  building  is  not 
occupied  or  in  cases  when  fire  in  the  heaters  is  not  sufficient  to  maintain 
effective  ventilation. 

Where  the  room  is  of  sufficient  height,  the  horisontal  inlet  duct  or 
flue  may  be  placed  above  the  basement  floor.  Where  the  basement  is  sub- 
ject to  water  above  or  below  the  floor  line,  underground  air  ducts  must 
be  of  water-tight  construction  and  the  vault  placed  at  a  sufficient  height 
above  the  floor  and  be  so  built  as  to  exclude  water  from  the  ducts  or  vault. 
In  order  to  dispose  of  the  unevaporated  liquids,  the  bottom  of  the  vault 
may  be  sloped  toward  a  suitable  point  and  carried  by  an  adequate  drain 
to  a  dry  well  or  gravel  absorption  trench. 

The  engineeFi  architect,  designer  of  the  building,  installer, 
or  owner,  as  the  case  may  be,  should  provide: 


section  "B-B", 
Fig.  15. 


1.  That  the  installations  conform  with  federal,  state,  and  local  re- 
quirement relating  to  "housing,"  sanitation,  and  maintenance. 

2.  That  the  materials  and  construction  of  the  various  units  comprising 
the  dry  closet  system  be  of  proper  design  and  so  installed  that  the  highest  degree  of  efficiency  possible  is  insured. 

3.  That  the  vault  and  conveyors  be  of  propter  design  and  water-tight  construction. 

4.  That  the  cross  section  vault  area  below  the  seat  hopper  be  of  adequate  capacity,  at  least  30%  larger  than 
the  combined  foul  air  conveying  flues  connected  therewith,  and  that  the  oi>en  space  below  the  grates  be  at  least  8 
to  10  in.  in  height. 

5.  That  the  foul  air  duct,  stack,  vault,  and  heater,  or  heaters,  be  of  adequate  capacity  and  that  a  fire  be  main- 
tained either  in  the  stack,  or  vault  heaters,  or  heating  system  at  all  times 

when  required,  so  as  to  insure  proper  ventilation. 

6.  That  the  foul  air  duct,  or  ducts,  be  provided  with  a  damper  of 
efficient  design  and  conveniently  located,  and  that  the  foul  air  removal 
S3rstem  be  so  constructed  as  to  exclude,  under  all  proper  conditions  involv- 
ing maintenance,  obnoxious  odors  from  any  part  of  the  building  and  so 
that  it  will  comply  with  all  established  fire  protection  requirements. 

7.  That  the  duct  or  flue  containing  the  stack  heater  be  extended  to  a 
height  from  8  to  10  ft.  above  the  highest  part  of  the  building  so  as  to  insure 
effective  ventilation. 

8.  The  seat  hopper  shall  be  so  designed  and  of  such  material  that  it 
can  be  kept  clean  and  be  provided  with  an  approved  seat. 

9.  That  the  urinal  be  made  of  non-absorbent  materials  such  as  glass, 
slate,  or  iron  enameled. 

10.  That  the  vault  be  burned  out  and  cleaned  and  disinfected  twice 
each  year  and  oftener  if  necessary. 

11.  That  the  installation  at  all  times  shall  be  maintained  in  a  sanitary 
and  serviceable  condition,  and  the  material,  when  removed  from  the  vault, 
be  disposed  of  in  such  a  manner  that  a  niiisance  is  not  created. 


FiQ.   10. — Cross  section 
Fig.  15. 
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6.  Incinerator  Closets  {Armyj  Portable^  and  Stationary), — 
The  portable  type  consists  of  a  tank  mounted  on  wheels  or  otherwise  made  portable,  one  end 
provided  with  doors  and  the  other  with  a  smokestack.  The  interior  of  the  tank  is  equipped 
with  a  deposit-receiving  platform,  fire  grate,  and  ash  pit.  Seats  are  mounted  on  the  exterior 
of  the  tank. 

The  stationary  type  is  similarly  designed,  constructed,  operated,  and  maintained. 
The  market  offers  various  commercial  types  similar  in  principle. 

The  practical  utility  of  all  closets  coming  under  the  scope  of  this  heading  is  limited  to  certain  specific 
tions,  and  when  located  properly  in  the  open  can  be  oi>erated  with  a  marked  degree  of  safety. 


SECTION  5 
PLUMBING  Ain)  DRAINAGE 

Bt  S.  E.  Dibblk  and  Frank  R.  Kino 

PLUHBrnO  AHD  DRAINAOB— GENERAL  INFORHATIONi 
Bt  S.  E.  Dibble 

1.  Hain  and  House  Sewers. — The  main  sewer  is  that  part  of  the  sewerage  Bystem  which 
collects  the  sewage  from  the  municipality  or  from  a  number  of  buildings  and  carries  it  away  to 
the  disposal  plant  or  termiaal.  The  main  sewer  generally  rune  through  the  ateets  or  alle^  at  a 
depth  of  9  to  12  ft. ;  it  may,  however,  lie  at  a  lesser  or  greater  depth.  There  are  branches  and 
junctions  placed  for  the  accommodation  of  houae  sewers  on  either  side  of  the  street  at  intervals 
depending  on  the  width  of  the  lots,  etc.  The  exact  location  of  theoutlets  may  be  ascertained 
from  the  plans  filed  in  the  office  of  the  Department  of  Sewers  or  city  engineer,  as  the  case  mi^ 
be.  For  specific  details  pertaining  to  installation,  see  ordinance  provision  in  the  chapter 
following, 

2.  Subsoil  and  Trencb  Drajna. — Surface  water  percolates  through  the  surface  earth  and 
saturates  the  subsoil.  Unless  taken  care  of  and  carried  away  from  the  site  of  the  building,  this 
water  will  find  its  wt^  into  the  building  through  the  foundation  walls  and  floors.  To  avoid 
this  it  is  good  practice  to  install  a  subsoU  drain  all  around  the  building  at  the  level  of  the  founda- 
tion footings.  Joints  of  tile  pipe  used  for  subsoil  pipe  should  be  left  open  to  allow  the  water 
to  find  its  way  into  the  bore  of  the  pipe  and  thus  be  carried  away  from  site.  The  refill 
above  the  subsoil  pipe  should  be  broken  stone  within  IS  in.  of  grade.  Six  inches  of 
straw  should  be  placed  on  top  of  broken  stone  and  then  loam  to 
the  grade.  With  this  refill,  water  can  easily  find  its  way  into  the 
Bubsoil  pipe.  A  piece  of  tarred  paper  laid  over  each  joint  in  the  tile 
pipe  will  keep  out  any  sand  that  might  otherwise  be  carried  into 
the  bore  of  pipe  and  cause  a  Stoppage  (fig.  1).  The  subsoil  pipe 
may  discharge  into  a  special  trap  or  pit  made  of  brick  or  concrete 
which  should  be  connected  with  the  sewer.  The  subsoil  water  under 
the  building  can  be  collected  in  a  pit  by  a  series  of  pipes  laid  under 
the  house  drain  level  and  pitched  toward  the  pit,  from  which  it 
can  be  pumped  out  into  the  house  drain  by  automatic  cellar  drainers 
or  by  electrically  controlled  pump.  The  quantity  of  water  to  be  pumped  determines  tbeaiie 
of  the  outfit.  (Consult  also  ordinance  requirements.)  The  essential  points  in  the  installation 
of  subsoil  pipes  are:  (1)  Correct  depth,  (2)  pitch,  (3)  pipe  and  joints,  and  (4)  refill. 

S.  Storm  Water  Dlspoaal.^It  is  absolutely  necessary  that  all  storm  waters  that  descend 
or  flow  upon  the  building  or  site  be  disposed  of  through  proper  channels.  All  storm  water 
can  be  collected  and  carried  oS  by  means  of  roof  drains,  area  drains,  yard  drains,  or  catch  basins. 
Roof  drains  should  be  placed  not  more  than  60  ft.  apart,  and  the  size  should  be  in  accordance 
with  the  following  table.  It  is  considered  better  to  have  a  number  of  small  roof  drains  (4  or 
6-in.)  than  one  large  drain. 

I>i.™.t„of  ^TJZb'"  ""' 
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4.  Roof  Termioala  of  Rain  Water  Leaden. — The  coanectioa  of  the  roof  gutter  with  tiie 
Toof  drain,  if  on  the  outaide  of  the  building,  should  be  a  slip  joint — that  ia,  the  tube  which  b 


connected  to  thegutter  with  a  solderod  joint  should  extend  atleast  7or  Sin.  into  the  roof  drain. 
The  material  of  the  roof  drain  pipe  when  placed  on  the  outside  of  the  building  may  begalvan- 
--vto/rt*  "cd  iron  or  copper  of  round,  equare,  or  special  sbap^ 

to  correspond  with  the  style  of  building.  When  the 
roof  drain  is  located  on  the  outside  of  the  building  and 
on  any  kind  of  psssageway,  the  pipe  material  should  be 
of  cast  or  wrought  iron  for  a  distance  of  at  leaat  fi  ft> 
Q^ilff  above  the  ground  (Figs.  2,  3,  and  4). 


miterikt.     Tb( 


6.  Tard  Drain  and  Catch  Basin. — The  yard  drains 
gather  surface  water  and  should  be  so  constructed  that 
they  will  not  become  easily  stopped  by  sand  and  rubbish 
entering  the  basin  and  plugging  the  outlet.  The  siie 
of  the  drain  depends  upon  the  number  of  square  foet 
of  surface  to  be  drained.  In  estimating  this  surface, 
accounting  should  be  mode  of  adjoining  property  and 
land  that  will  shed  its  water  into  the  drain.  A  catch 
basin  similar  to  that  shown  in  Fig.  5  makes  an  ideal  one 
for  heavy  use,  also  for  a  site  where  springs  abound,  and 
a  light  catch  basin  might  be  shifted  around  when  the 
ground  is  full  of  water  or  frost. 
Catch  buliu  can  be  built  of  brick  or  coDEKt*  well  cementnl  toiethcr  tcA  plulcred  oo  tbe  Innd*  iiiifsoa. 

HMvy  EUt-iroo  onpiwl  drmini  %n  Hmetiniel  UMd,  but  (hiy  tuiv*  the  objection  at  being  too  (Dikll  loatOv  M  thdr 

wat<r  obunbar  ii  wnocrncd,  ud  fnquantljr  booamiDs  (topped  up. 
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6.  Area  Drains. — At  their  best,  area  drains  are  frequently  foul  parts  of  the  plumbing 
system.  It  is  customary  to  install  a  drain  in  every  area  way,  and  often  no  provision  is  made  for 
cleaning  out  the  area  way  with  running  water.  Facilities  for  flushing  with  a  hose  should,  there- 
fore, be  provided.  When  subject  to  frost,  the  drains  for  area  ways  should  have  a  deep  seal  trap 
placed  within  the  walls  of  the  building.  Unless  the  seal  is  deep  it  will  be  broken  by  evapora- 
tion.   The  bottom  of  the  area  way  should  be  cemented  and  pitch  toward  the  drain. 

7.  House  Drain. — The  house  drain  is  that  part  of  the  sewerage  system  which  connects 
the  house  sewer  i^ith  the  various  branches  that  extend  up  through  the  building.  It  is  generally 
located  beneath  the  basement  floor  and  has  cleanouts  extending  flush  or  slightly  above  the  floor 
level.  Cleanouts  should  be  placed  at  least  every  30  ft.  on  straight  runs  and  at  every  bend  or 
change  in  direction  of  run  of  the  pipe.  When  the  basement  floor  is  below  the  main  sewer  in  the 
street,  the  house  drain  may  be  extended  along  the  basement  wall  or  suspended  from  the  ceiling. 
Head  room  must  be  reckoned  with  when  hanging  pipe  from  the  ceiling,  and  at  the  highest  point 
the  pipe  may  be  near  the  ceiling,  and  at  the  lowest  point,  a  distance,  according  to  the  developed 
length,  figured  at  a  grade  of  not  less  than  K  u^*  P^^  ^t. 

The  sice  of  the  house  drain  where  the  main  sewer  is  of  the  combination  tsi>e  depends  upon  the  number  of 
water  outlets  discharging  into  fixtures,  type  of  fixtures  and  apertures,  number  of  people  in  the  building,  and  num- 
ber of  square  feet  to  be  drained  of  storm  water.  Generally,  if  the  sise  is  figured  according  to  the  storm  water 
surface  the  pipe  sise  will  be  ample  to  carry  the  discharge  from  the  plumbing  fixtures  in  the  building.  The  pitch 
of  the  house  drain  should  be  \i  in.  to  the  foot.  The  material  of  which  the  pipe  used  in  the  house  drain  is  made 
should  be  extra  heavy  cast  iron,  tar  coated.  Wrought 
iron  or  steel  pipe,  galvanised,  can  be  used  when  the  house 
drain  is  above  the  ground.  Without  doubt,  cast-iron 
pi|>e  is  the  best  when  used  underground. 

The  layout  of  a  building  Is  often  the  reason  for 
plumbing  fixtures  being  located  below  the  main  sewer 
level.  It  becomes  necessary  under  conditions  of  that 
kind  to  install  a  sump  or  tank,  to  which  is  connected  a 
pump  designed  to  raise  sewage  out  of  the  sump  into  the 
main  sewer.  The  sump  and  pump  are  connected  with 
automatic  control,  which  at  a  given  level  of  sewage  in 
the  sump  operates  and  starts  the  pump,  also  stopping 
the  pump  at  th«*  low  level. 

8.  Waste  Discharge  Based  on  Water  Con- 
sumption.— In  the  50  largest  cities  in  the 
United  States,  the  per  capita  consumption  of 
water  ranges  from  75  to  300  gal.  per  day.*  The 
consumption  per  capita  in  a  large  hotel  is  about 
100  gal.  per  day.  The  usage  of  this  amount  of 
water  is  spread  over  the  entire  day.  The 
greatest  amount  will  be  used  the  first  hour  in 
the  morning.  About  50%  of  the  total  amount 
consumed  will  be  used  at  this  time.  This  50 
gal.  is  used  as  follows:  Water-closet,  8  gal.; 
culinary  department,  6  gal.;  bathing,  32  gal.;  washing  equipment,  4  gal. 

Knowing  the  maximum  amount  of  water  that  will  be  used  in  any  one  hour  of  the  day,  the  pipe  sise  is  figured 
by  allowing  1  sq.  in.  in  sectional  area  of  the  drain  for  each  2  cu.  ft.,  or  16  U.  S.  gal.  of  sewage  to  be  removed  per 
minute. 

The  pipe  should  be  large  enough  to  carry  away  rapidly  all  solids,  and  yet  small  enough  to  be  self-eoouring; 
that  is,  the  discharge  should  fill  the  bore  of  the  pipe  so  that  all  surfaces  of  the  bore  will  be  flushed  as  the  discharge 
passes  through.  The  soil  pipe  should  be  securely  fastened  to  the  floors  and  walls.  At  the  bottom  of  all  soil  staoka 
a  eleanout  should  be  placed.     The  stack  should  be  supported  at  the  bottom  as  indicated  in  Fig.  6. 

Waste  pipes  should  be  installed  that  if  occasion  demands,  they  can  be  cleaned  out  their  entire  length. 

0.  Lead  Waste  Pipe. — Weights  and  sizes  of  lead  pipe  are  shown  in  table.  The  eastern 
Btates  refer  to  lead  pipe  as  "E,"  "D,"  "C,"  "B,"  "A,"  *'AA,"  "AAA,"  whUe  the  western 

i  8m  al0Q  cbftpter  on  "  Water  Coosumption  '  ia  Soct  ^i 
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states  refer  to  lead  pipe  as  "Aqueduct,"  "Extra  Light,"  "Light,"  "Medium,"  "Strong,"  "Ex- 
tra Strong,"  and  "Extra  Extra  Strong." 


Tabt.f.  of  Lead  Pipe 

Sise 
(in.) 

E 

D 

c 

B 

A 

AA 

AAA 

Aqueduct 

Ex. 

light 

Light 

Medium 

Strong 

Ex.  strong 

Ex.  Ex.  atrong 

lb. 

OS. 

lb. 

OB. 

lb. 

OS. 

lb. 

OB. 

lb. 

OB. 

lb. 

OB. 

lb. 

OS. 

H 

•    • 

8 

•   • 

•     • 

11 

12 

1 

•     • 

1 

8 

2 

•     • 

2 

10 

H 

•   • 

10 

•  • 

12 

1 

•  • 

1 

4 

1 

12 

2 

8 

3 

«  • 

H 

•    • 

12 

1 

4 

1 

12 

2 

•   • 

2 

8 

3 

•   • 

3 

8 

H 

1 

•   • 

1 

8 

2 

•  • 

2 

4 

3 

•  • 

3 

8 

4 

«  ■ 

H 

1 

8 

2 

•  • 

2 

8 

3 

•   • 

3 

8 

•  • 

•  • 

•   • 

•  • 

1 

1 

8 

2 

•  • 

2 

8 

3 

4 

4 

•  • 

4 

12 

6 

8 

IH 

2 

2 

8 

3 

•  • 

3 

12 

4 

12 

6 

•   • 

6 

12 

IH 

3 

3 

8 

4 

•   • 

6 

6 

•    • 

7 

8 

9 

m    • 

2 

3 

4 

■  • 

5 

•  • 

7 

8 

•    • 

9 

•   • 

10 

8 

2H 

4 

•  • 

•  • 

6 

•  • 

8 

11 

•   • 

14 

•   • 

17 

•   • 

3 

4 

4 

12 

6 

3 

0 

12 

«   • 

16 

•   • 

20 

•  • 

3>i 

•    ■ 

5 

•    • 

•   • 

•    • 

•   • 

15 

•    • 

18 

*   • 

■  • 

•   • 

4 

6 

6 

8 

•   ■ 

10 

16 

•    • 

22 

•  • 

25 

•   • 

2-iD.  cast-iron  pipe  occupies  a  space  of  4  in.  and  a  fitting  6  in.;  therefore,  a  4-in.  partition  would  not  aecommo- 
date  this  kind  of  pipe.  When  cast-iron  pipe  is  used  for  a  waste  pipe,  the  connection  between  pipe  and  fixture  is 
made  by  means  of  a  wiped  joint,  using  lead  pipe  and  a  brass  ferrule.  The  life  of  cast-iron  pipe  is  found  to  be 
longer  than  the  buildings  themselves  and,  therefore,  it  makes  an  ideal  pipe  for  waste  lines. 

Tile  pii>e  is  not  used  often  as  a  waste  pipe  except  in  some  cases  as  a  drain  pipe  for  chemicals,  and  when  ao  used 
it  should  have  built  around  it  a  casing  of  reinforced  concrete. 

10.  Vents. — One  of  the  prime  reasons  for  vents  on  a  system  of  plumbing  is  to  allow  the 
water  discharged  into  the  pipes  to  run  by  gravity  through  the  system  of  pipes  until  the  main 
sewer  is  reached  and  to  provide  a  free  circulation  of  air  throughout  the  system.  There  are 
various  methods  of  accomplishing  this,  and  the  designer  of  the  system  should  acquaint  himsdf 
with  state  and  local  regulations  governing  in  the  locality  where  the  building  is  to  be  constructed. 
Sketches  show  approved  methods  of  venting  (also  see  ordinance  requirements  in  the  chapter 
following).  Unless  vent  pipes  are  installed  with  a  system  of  plumbing,  the  conditions  become 
vile,  and  the  entire  building  polluted  with  sewer  gas  and  drain  air.  The  effect  of  this  foul  air 
upon  the  human  body  cannot  be  discussed  here,  but  leaving  the  physical  effect  entirely  out 
of  the  question,  it  is  inconceivable  hat  in  this  age  anyone  would  ask  another  to  live  or  work  in  a 
building  polluted  with  such  foul  odors  or  gases.    A  vent  pipe  is  as  important  as  a  waste  pipa 

11.  Traps. — A  trap  is  a  vessel  holding  a  body  of  water  and  so  arranged  on  tl^e  waste  pipe 
that  sewer  gas  and  drain  air  are  prevented  from  entering  the  building  through  fixture  waste. 
A  trap  has  two  resisting  elements:  (1)  the  amount  of  water  in  the  trap;  and  (2)  the  depth 
of  seal  in  the  trap.  It  is  the  seal  of  a  trap  that  makes  it  valuable.  Unless  proper  venting  is 
carried  out^  the  seal  of  the  trap  can  and  will  be  broken  by  syphonic  action  or  momentum. 
A  deep  seal  guards  these  two  points.  The  constant  current  of  air  passing  through  the  vent 
pipe  and  waste  pipes  causes  the  water  in  the  trap  to  evaporate.  The  amount  of  water  in  the 
trap  guards  these  points. 

The  traps  on  the  market  today  are  made  in  various  shapes  and  of  different  metals  The 
value  of  a  trap  may  be  determined  by  comparing  it  with  the  following  features  which  all  sani- 
tary traps  should  possess:  (1)  interior  walls  perfectly  smooth,  (2)  maximum  seal  to  resist 
syphonic  action,  (3)  all  parts  exposed,  no  interior  weirs,  (4)  cleanouts,  (5)  self-cleansing,  (6) 
joints  and  unions. 
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Traps  are  placed  in  three  diBtinct  poeitiona: 

Trap  connected  directly  underneath  fixture 


Trap  cast  in  fixture. 


Trap  aet  fiuah  with  fioor  or  underneath  floor 


Lavatories 
Bath  tube 
Kitchen  sinka 
Trays 

Water-closets 
Slop  sinks 
Urinals 

Floor  drains 
Shower  stalls 
Urinals 
Storm  drains 
Area  drains 


In  an  unoccupied  building  the  water  is  often  drawn  off  to  prevent  freesing,  and  when  for  this  reason  the 
water  is  taken  from  traps,  the  latter  should  be  refilled  with  kerosene  which  will  not  f reese  and  will  seal  the  trap. 

Non-syphoning  Traps, — Years  of  experimenting  have  brought  into  use  traps  which  resist, 
under  favorable  conditions,  the  action  of  syphonage.  To  these  traps  the  name  " non-syphon- 
ing traps''  has  been  applied.  A  large  variety  of  these  traps  is  in  use  and  under  the  present  de- 
mands upon  plumbing,  may  fill  an  actual  need.  A  fixture  set  in  the  middle  of  the  room  offers 
no  practical  opportunity  for  the  extension  of  a  vent  pipe  to  the  ventilation  pipe.  Therefore, 
in  some  instances  a  non-«yphoning  trap  may  be  used.  The  methods  of  manufacture  for  these 
traps  are  numerous.  They  perform,  with  certain  important  limitations,  the  fimction  for 
which  they  are  designed,  yet  the  devices  employed  offer  an  excellent  obstruction  for  the  free 
passage  of  waste  water.  In  time,  therefore,  the  use  of  these  traps  becomes  imperative.  Any 
trap  with  an  inside  weir  or  partition  or  with  a  mechanical 
device  to  form  the  seal  is  today  considered  unsanitary. 


QjkiwatBrouHBt 


Cdtdjvcrfsr  Mtf 


"bp  View  -  Oxer  Removed 


ouHtT 


FiQ.  7. — Grease  trap. 


Grease  traps  are  a  distinct  tjrpe  of  trap.  The  function  of  a  grease 
trap  is  to  harden  all  grease  which  is  discharged  from  the  fixture  con- 
nected to  it  before  being  discharged  into  the  sewer.  Cleanouts  are  so 
placed  that  congealed  grease  can  readily  be  removed  from  the  trap. 
Some  types  of  grease  traps  are  so  made  that  the  outside  wall  is  a  water- 
jacket  and  all  water  used  in  the  kitchen  must  run  through  this  jacket, 
thus  keeping  the  trap  cool  and  cooling  all  hot  grease  that  is  discharged 
into  the  trap  (Fig.  7).  The  sise  of  the  trap  is  governed  by  the  volume 
and  temperature  of  the  waste  water  tributary  thereto. 

12.  Chemical  Installations. — The  big  problem  in  chem- 
ical plumbing  is  the  matter  of  waste  pipes  and  waste  pipe 
joints.  The  hot  and  cold  water,  gas,  and  air  pipes  require 
only  special  arrangement  to  supply  the  particular  equip- 
ment of  the  individual  laboratory.  Lead  pipe  for  waste  in 
a  chemical  laboratory  is  the  best  waste  pipe  that  can  be 
had.  Any  connection  in  any  position  and  to  any  material  can  be  made  by  using  lead  and 
employing  a  lead  burner  to  make  joints v and  fit  lead  correctly.  All  joints  on  lead  pipe  are 
burned  or  fused  by  using  a  compressed  air  and  hydrogen  fiame.  This  fiame  will  not  oxidize 
the  molten  lead,  and  is  the  only  flame  in  use  today  that  makes  a  perfect  fusion  of  lead.  The 
fusion  of  lead  joints  in  this  way  makes  the  waste  pipe  one  solid  piece  of  lead,  no  other  metal 
being  used  to  come  in  contact  with  chemicals.  Pure  lead  pipe  of  heavy  gage  is  used,  fiber 
pipe  has  good  points,  such  as  the  resistance  of  acids,  and  can  be  had  in  different  sizes  and 
lengths.     The  joining  of  pipes  and  lack  of  fittings  make  it  hard  to  install. 

18.  Lead  Burning. — The  art  of  lead  burning  is  not  generally  understood  and  therefore 
its  good  points  are  lost  where  they  could  be  of  great  value.  The  mechanic  who  does  1  ead  burning 
is  called  a  ''lead  burner."  Lead  burning  is  fusion  welding.  Hydrogen  and  compressed  air 
flame  are  used  for  this  fusion.  Hydrogen  is  generally  made  in  a  generator  on  the  job,  sulphuric 
acid  and  zinc  being  used.  Compressed  air  is  obtained  by  means  of  hand  pump  and  tank.  Hy- 
drogen can  be  purchased  jn  a  tank  and  used  to  advantage  on  small  installations.  Joints  on  lead 
pipes  and  lead-lined  tanks  can  be  made  in  almost  any  position.  With  a  perfect  neutral  flame 
70 
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and  lead  kept  clean,  a  perfect  fusion  takes  place  while  burning,  and  if  the  process  is  well  done, 
the  result  is  a  tight,  strong  joint. 

14.  Plumbing  Fixtures. — Plumbing  fixtures  should  be  located  in  a  well  lighted  and  venti- 
lated room.  When  a  single  fixture  is  installed,  it  should  never  be  in  a  dark  part  of  a  roooi  and 
never  in  a  closet.  Fixtures  must  be  so  set  that  there  will  be  at  all  times  a  circulation  of  air 
around  them  and  daylight  entering  the  room  through  side  windows  or  ceiling  lights.  The  m*- 
terial  of  plumbing  fixtures  must  be  of  nonabsorbent  nature,  smooth  surfaced,  and  sufficiently 
strong  to  withstand  hard  wear. 

14a.  Water-closets. — Every  closet  bowl  should  be  flushed  by  clean  water  either 
automatically  or  by  hand.  Materials  of  bowls  are  iron-enameled  and  earthenware.  The  latter 
presents  the  more  sanitary  surfaces.  Flushing  of  bowls  with  water  is  essential.  All  exposed 
interior  surfaces  must  receive  a  thorough  flushing  after  use. 

There  are  two  methods  for  flushingb  owls :  ( 1 )  by  use  of  closed  or  open  tank,  and  (2)  by  direct 
pressure  using  slow  operating  (flushometer)  valve.  To  flush  bowl  thoroughly,  scour  it  and  refiH 
trap,  an  amount  of  water  equal  to  from  3  to  7  gal.  being  used,  depending  upon  the  type  of  bowl 
and  flushing  medium. 

To  carry  o£F  local  bowl  odors  there  is  provided  in  some  makes  of  bowls  a  connection  called  a  local  vent.  TUi 
can  be  extended,  using  sheet  metal  pipe,  to  a  draft  flue,  or  connected  with  a  duct  to  which  is  attached  a  fan  for 
positive  draft.     All  groups  of  toilets  should  be  provided  with  a  positive  agency  for  disposing  of  local  odora. 

Essential  factors  in  water-closets  are:  (1)  Design  and  materials,  (2)  flush,  (3)  maximum  water  aiufaoe,  (4) 
minimum  foxiling  surface,  (5)  sise  of  trap,  throatway,  and  outlet,  and  (6)  amount  of  water  required  to  pirodnes 
efFeotive  flush. 

14&.  Urinals. — Urinals  may  be  divided  into  three  classes:  (1)  wall  fixture, 
(2)  stall,  and  (3)  trough.  For  the  owner,  urinals  present  one  of  the  most  disagreeable  fix- 
tures to  install  and  operate  satisfactorily.  The  wall  fixture  is  at  its  best  a  somewhat  unsani- 
tar>  device.  As  a  fixture  it  completely  performs  its  functions  of  flushing  and  discharging  wastes 
but  it  is  not  of  proper  design  nor  large  enough  to  completely  handle  all  necessary  conditioDS. 

The  trough  urinals  present  the  same  objections,  while  the  stall  lu-inal  3H  to  4  ft.  high  and  2  ft.  wide,  with  • 
flushing  surface  its  entire  length  and  width,  is  nearest  to  ideal  and  should  be  selected  for  installation.  With  eadi 
discharge  of  the  flushing  device  the  lu-inal  should  receive  a  thorough  flushing  with  clean  water.  This  disehacsB 
may  come  from  a  tank  having  intermittent  flushings  or  by  means  of  a  flush  valve,  operated  by  hand  when  neccssaiy. 
The  beet  designs  of  urinal  are:  (1)  having  complete  flushing  of  surfaces  exposed,  (2)  made  of  a  nonabaoirbeBt 
material,  (3)  entire  fixture  in  one  piece,  and  (4)  provided  with  effective  local  ventilation. 

14c.  Lavatories. — ^Lavatories  may  be  divided  into  two  classes:  (1)  types  which 
have  backs  and  ends  and  are  supported  from  walls,  and  (2)  those  on  pedestal  and  which  have  no 
backs  and  ends.  Each  type  has  numerous  styles  and  can  be  assembled  to  fit  any  desired  space. 
The  lavatories  in  the  first  named  class  should  be  used  where  the  walls  of  rooms  are  of  an  absoib- 
ent  material.  The  pedestal  lavatories  are  used  in  rooms  having  tiled  walls  and  floors.  Any 
style  faucets  and  waste  can  be  fitted  to  please  the  owner.  The  materials  of  which  lavatories 
are  made  are  cast-iron  enameled,  vitreous,  and  earthenware.  All  these  meet  with  sanitaiy 
requirements  if  correct  manufacture  is  carried  out. 

14d.  Bath  Tubs. — Bath  tubs  may  be  classed  as  huiUrin  and  portabie.  The  built- 
in  tub  is  finished  with  an  apron  on  one,  two,  or  three  sides,  brought  down  flush  with  floor  and 
walls.  The  portable  tub  sets  on  legs  or  base  and  at  a  point  about  2  in.  away  from  the  walls. 
Tubs  can  be  fitted  with  numerous  kinds  of  waste  and  supply  trimmings.  They  are  manufactured 
in  standard  sizes  in  lengths  of  4  Hi  ^i  ^H»  &nd  6  ft.  over  all,  and  30  in.  wide. 

14e.  Showers. — Showers  are  divided  into  three  groups:  (1)  receptor,  (2)  stall, 
and  (3)  tub.  The  receptor  shower  is  set  flush  with  or  on  top  of  the  floor  and  receives  the  dis- 
charge from  shower  spray ;  a  curtain  around  the  spray  confines  the  water  to  the  receptor.  The 
receptor  is  connected  with  the  waste  pipes  the  same  as  in  a  bath  tub.  The  stall  shower  can  be 
fitted  with  any  desired  spray  and  placed  in  a  stall  of  marble  or  slate  about  3  by  4  ft.  square. 
The  floor  of  the  stall  should  be  of  cement  or  tile  and  slope  toward  the  waste  outlet.  Under 
this  floor  should  be  jdaced  a  lead  pan,  built  in,  to  catch  and  drain  off  any  leakage  through  the 
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floor.     The  tub  shower  is  a  set  of  sprays  set  above  the  bath  tub,  with  the  tub  acting  as  a 
r  or  op  tor. 

14f.  Sinks. — Sinks  are  numerous  in  design,  and  almost  any  desire  on  the  part 
of  the  owner  can  be  fulfilled.  Elitchen  sinks  can,  for  example,  be  had:  (1)  with  flat  rim;  (2 
roll  rim;  (3)  back,  end  and  sink  in  one  piece;  (4)  sink  and  backs  separate;  (5)  without  or  with 
drain  boards;  (6)  enameled  iron;  (7)  earthenware,  white,  brown,  or  yellow;  (8)  soapstone;  and 
(9)  combination  of  sink  and  wash  tubs.  Other  sinks,  such  as  cast  iron  for  basement  use  and 
slop  sinks  for  cleaners'  use,  have  sizes  and  shapes  to  fit  all  needs. 

14^.  Special  Types. — Rxtures  of  special  types  can  be  had  to  accommodate 
various  buildings.  Hospital  fixtures  should  receive  careful  study,  as  every  hospital  has  needs 
peculiar  to  its  demands.  Kitchen  equipment  that  connects  with  waste  pipes  in  hotels  and  res- 
taurants are  all  special  and  should  receive  careful  study .^ 

16.  Securing  and  Hanging  of  Fixtures. — Securing  and  hanging  marble,  slate,  and  soapstone 
fixtures  are  given  too  little  thought.  These  fixtures  must  be  set  very  rigidly.  The  material 
should  set  into  the  walls  and  floor  about  2  in. ;  and  all  stops,  hinges,  and  brackets  should  have 
at  least  two  holes  and  bolts  to  hold  them  firmly.  Futures  of  these  materials  should  not  depend 
upon  the  wall  brackets  for  entire  support  but  should  have  a  support  extending  to  the  floor. 

Iron  enameled  ware  may  be  hung  from  the  wall  by  means  of  concealed  brackets  and  hang- 
ers. The  concealed  hangers  are  flat  pieces  of  cast  iron  designed  to  be  secured  to  the  woodwork 
back  of  the  plaster;  therefore,  before  plaster  is  put  on,  solid  woodwork  should  be  securely  fast- 
ened into  building  material  to  provide  anchorage  for  enameled  ware  fixtures.  Enameled  ware 
is  easily  secured  to  waste  pipes  and  usually  no  trouble  is  experienced  in  making  water-  and  gas- 
tight  connections. 

Earthenware  fixtiires  should  be  supported  from  the  floor.  In  making  this  ware  tight  with  the  waste  pipes, 
only  those  connections  which  do  not  depend  in  the  main  upon  putty  or  slip  joints  should  be  used. 

Vitreous  ware  is  becoming  more  popular  for  plumbing  fixtures  as  it  presents  a  very  hard  surface.  It  will  stand 
tests  of  great  severity  and  is  not  as  heavy  as  earthenware.  Vitreous  is  harder  than  earthenware  and  will  not  chip  as 
easily  as  iron  enameled. 

16.  Swimming  Pools. — Swimming  pools  interest  the  plumbing  trade  insofar  as  supplying 
water  and  waste  pipes,  also  lead  lining,  are  concerned.  The  tank  needs  to  be  so  constructed 
that  it  will  be  water-tight.  Every  such  pool  should  be  supplied  with  a  gutter  or  overflow  all 
around  the  tank  interior  to  carry  off  the  scum  and  surplus  water.  To  supply  the  tank  with 
water  at  the  right  temperature  requires  a  heater  which  will  circulate  the  water  in  the  tank 
and  through  the  heater  at  the  same  time.  The  water  should  enter  the  tank  or  pool  at  the 
top,  circulate  through  the  tank  and  leave  the  pool  at  the  bottom.  If  possible,  the  pool  shoiild 
be  provided  with  two  outlets  and  inlets  on  each  side.  Modem  pools  usually  are  equipped 
with  water  purification  appliances. 

17.  Hot  Water  Consumption  and  Heating  Mediums. — ^Equipment  for  hot  water  service  is 
chosen  generally  for  the  needs  of  each  particular  building.  After  the  quantity  of  water  to  be 
used  per  hour  has  been  estimated,  the  necessary  equipment  may  be  chosen.  Upon  the  demand 
and  the  service  required  depends  the  kind  of  equipment  to  be  installed.  If  500  gal.  of  water 
needs  to  be  heated  and  drawn  within  1  hr.  of  the  day,  an  equipment  is  installed  entirely  differ- 
ent from  that  required  if  this  amount  of  water  is  spread  over  ^  period  of  10  hr.  The  vaiious 
agencies  for  heating  watei  are:  (1)  coal,  (2)  gas,  (3)  steam,  (4)  solar,  and  (5)  electric  (for  small 
quantities). 

Coal. — Domestic  coal  fires  such  as  the  range  and  furnace  and  similar  heaters,  may  be 
equipped  with  a  brass  or  wrought-iron  coil  or  cast-iron  water-back  to  heat  water.  In  the  case 
of  the  range,  a  cast-iron  water-front  is  placed  in  one  side  of  the  firebox,  which  will  supply  suffi- 
cient hot  water  for  one  sink,  one  wash  tray,  one  bath  tub,  and  one  lavatory  when  connected 
with  a  40-gal.  boiler.  A  cast-iron  water-front  will  heat  a  40-gal.  boiler  within  1  hr.,  while  a 
brass  coil  placed  in  the  same  position  will  heat  40  gal.  within  40  min. 

When  a  coal  stove  or  heater  is  used  as  a  separate  beater  for  hot  water,  a  large  tank  should  be  used  for  storace. 
To  determine  the  sise  of  the  storage  tank  for  a  building,  it  is  necessary  only  that  the  number  of  outlets  that  are  to 
be  opened  in  •  given  period,  say  1  hr.,  be  noted;  their  total  discharge  will  indicate  the  nebessary  number  of  gallont 
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(bftt  muat  bo  ilond  in  the  hot  wmt«  Unk.  Tha  (rtatot  unount  of  hot  mtar  OMd  In  tfaa  cxdliiaiT  buDdini  or 
dwelUni  will  ba  drawn  the  fint  hour  in  the  morning.  Eub  [lenon  in  th>  dwdlinc  irill  lus  in  the  flnt  hour  3  ^L  at 
hot  wktET  in  the  tavatary,  and,  if  a  bath  i*  taken,  30  gal.  more.  Id  the  Lilnhen,  S  fal.  will  be  uaed  per  pmA 
making  a  total  of  37  gal.  ol  hot  watsr  per  psnan  for  ths  Bnt  hom  in  the  day.  With  Ate  penoni  in  th*  tkniilj,  th* 
required  amount  of  hot  water  will  lie  ISl  lal. — alniaat  •  prohllutive  amount  for  a  atorage  tank  in  a  dwelllag.  Da- 
duct  the  30  gal.  for  hot  bath  and  add  2  gal.  to  uaa  in  the  laTa- 
tory  and  the  amount  required  witt  be  43  gal.  pvr  pcraon  par 
It  need  and  alltnred  la. 
qiwntitf 


heater  (in  eoojiinrtioD 


Oas. — Gas  used  as  &  fuel  for  heating  water  for  domestic  purposes  ia  very  efficient  if  ooi^mt 
coils  are  utilised.  Gas  is  used  to  good  advantage  in  a  Htorage  tank  heater.  Gas  keepa  lighted 
until  the  tank  is  full  of  hot  wAter,  then  automatically  shuts  oS.  Gas  is  also  used  in  instantuin- 
ous  heaters  which  supply  hot  water  at  the  rate  of  4  to  8  gal.  per  min.,  and  will  raise  the  wato-  SO 
deg.  while  it  is  running  through  the  copper  coils.  The  best  method  of  installation  for  an  in- 
stantaneous  heater  ia  to  equip  it  with  a  boaster  connection  and  circulate  the  water  (Figs.  8 
and  9). 

SoloT  HeaL — In  some  parts  of  the  country,  water  ii>  heated  for  domestic  use  by  mOMia  of 
solar  heatere,  the  heat  being  derived  from  the  sun's  rays  directed  through  glass  on  to  pipe  coiW 
and  tank.    Such  systeme  are  becoming  increa^ 
'  ingly  common  on  the  Pacific  coast  for  reddential 
'  hot  water  purposes.     The  method  is  satiafactoiy 
\  for  small  installations. 

Tanks. — Tanks  used  for  the  storage  of  hot 
watra   are  made   of   galvanised   iron   and    eted, 

i  black  iron,  or  copper.  The  latter  makes  the  best 
installation.  Galvanized  iron  or  steel  is  used  on 
small  installations  and  black  iron  is  used  on  large 
installations. 

Circulolion. — Circulating  systems  are  uaed  in 
most  installations  where  good  service  is  essential. 
This  system  provides  for  a  pipe  to  be  run  from 
source  of  hot  water  direct  to  fixture  or  group  of  fixtures,  also  for  a  pipe  from  fixtures  back  to 
source  of  hot  water.  This  allows  hot  water  to  circulate  through  the  pipes  and  hot  water  ii 
continually  at  hand  within  2  ft.  of  the  faucet. 


Thermoalatie  eorOrol  ot  temperatureof  hot  water  should  be  arrai^ed  on  every  system.  The 
saving  in  cost  of  fuel  will  soon  pay  for  the  installation  of  the  equipment.  The  correct  looatioo 
of  the  thermostatic  control  is  the  first  point  to  consider.  Where  storage  system  is  used,  the 
titennoetatio  member  muat  be  located  at  a  point  in  the  storage  tank  that  will  allow  tbefuU 
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Idp  and  stop  ^^^  ^^-^     ^Isat/pfpf 

Fia.  11. — Typicnl  water  service  pipe. 


capacity  of  the  tank  to  be  heated.  Fig.  8  shows  the  incorrect  location  (dotted  lines)  of  thermcH 
static  control  and  the  correct  location  (full  lines).  This  equipment  is  fully  as  efficient  in  the 
saving  of  coal  by  regulation  of  drafts  as  it  is  in  the  saving  of  gas.  The  location  of  the  thermcH 
static  member  in  an  instantaneous  gas  heater  should  not  be  in  the  hot  water  coils  or  next  to  the 
gas  flame,  but  should  be  regulated  by  the  temperature  of  the  water  as  it  leaves  the  heater.  In 
storage  systems  where  steam  is  used  to  heat  water,  the  thermostatic  control  should  be  located 
away  from  steam  pipes. 

18.  Cold  Water  Consumption,  Valves  and  Piping. — One  of  the  first  functions  of  water 
supply  to  plumbing  fixtures  is  to  flush  properly  and  cleanse  the  fixture  after  use.  Fixtures  which 
are  not  so  designed  as  to  distribute 
the  supply  of  water  over  its  surface 
are  soon  cast  aside  and  replaced  by 
fixtures  which  will  more  efficiently 
use  the  water  supply  to  cleanse  the 
surfaces.  The  water  supply  of  a 
building  must,  therefore,  .be  in  such 
quantities  and  under  such  pressure 
that  all  fixtures  on  all  floors  will  have 
at  all  times  ample  supply  to  meet 
properly  the  demands  made  upon  any 
one  or  all  of  the  fixtures. 

Main  or  Service  Pipe, — Under  the  plumbing  equipment  of  a  building  comes  the  installation 
of  a  supply  water  main,  or  what  is  known  to  the  trade  as  a  service  pipe.  The  plumber  must 
attend  to  the  necessary  permits  before  the  service  pipe  is  laid.  The  permits  required  are  as 
follows:  (1)  permit  to  excavate  street;  (2)  agreement  to  pay  for  all  water  used,  which  must  be 
signed  by  the  property  owner;  (3)  permit  to  tap  main  pipe.  For  ordinary  dwellings  a  H-in. 
tap  is  put  in  by  the  water  company  or  municipality,  as  the  case  may  be,  and  a  service  pipe  not 
smaller  than  ^  in.  should  extend  into  the  building.  The  service  pipe  must  be  laid  below  the 
frost  line.  The  necessary  valves,  etc.,  required  on  every  service  pipe  are  clearly  shown  in 
the  accompanying  sketch  (Fig.  11).  The  essential  points  to  be  considered  in  the  installation  of 
the  service  pipe  are:  (1)  permits,  (2)  size  of  service  pipe,  (3)  lead  connection,  (4)  location  of 
valves,  (5;  pressure  carried  in  main,  and  height  of  building,  (6)  quantity  required  for  a  given 
period,  and  (7)  protection  against  frost. 

Trench, — The  trench  for  the  service  pipe  must  be  made  at  right  angles  with  the  curb  line. 
The  trench  is  started  2J^  to  3  ft.  wide  at  the  top  and  is  tapered  down  to  a  point  below  the  level 

of  the  frost  line.  It  is  not  necessary  to  open  a  ditch  the  entire  length 
of  the  service  pipe  except  in  the  street  where  the  entire  section  of 
street  must  be  dug  full  depth.  On  private  property,  character  of 
soil  permitting,  the  ditch  may  be  10  ft.  long,  then  10  ft.  can  be  tun- 
neled; then  10  ft.  more  opened  and  10  ft.  tunneled,  until  the  entire 
length  is  covered. 

The  refilling  of  the  trench  is  an  operation  which  should  receive  more  atten- 
tion. Too  often  it  happens  that  after  a  trench  is  refilled  a  number  of  barrels  of 
dirt  are  left  over  and  carted  away.  The  result  is  that  after  a  few  months,  perhaps 
after  the  building  is  completed  and  in  use,  and  walks  laid  over  the  trench,  the  earth 
will  settle  in  the  trench  causing  the  walk  to  cave  in.  The  refill  of  a  trench  should 
use  all  of  the  dirt  taken  out,  and  will  do  so  if  water  is  used  to  settle  the  dirt,  or  if 
6  in.  of  dirt  is  thrown  in  and  tramped,  and  then  6  in.  more  added  until  the  trench  is  filled.  In  some  cities  the 
contractor  is  not  allowed  to  refill  a  trench  without  having  present  a  city  inspector.  To  save  excavation  the 
water  service  may  run  in  the  same  trench  as  the  sewer  pipe  if  the  trench  is  dug  similar  to  that  shown  in  Fig.  12. 

StopSy  Valves  J  and  Piping, — The  valves  necessary  on  a  service  pipe  into  the  building  are: 
(1)  brass  stop  at  tap,  (2)  brass  stop  at  curb,  and  (3)  brass  stop  and  waste  located  inside  the 
foundation  wall.  These  valves  are  in  such  a  position  that  their  replacement  involves  expense 
nnd  difficulty;  therefore  the  best  materials  should  be  used.     The  vaJves  underground  should  be 


Fxo.  12. — Refill  of  sewer 
and  water  trench. 
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surrounded  with  well  tamped  earth,  and  care  should  be  taken  to  see  that  valves  are  in  an  up- 
right position. 

Every  fixture  or  isolated  group  of  fixtures  in  a  building  should  have  a  separate  supply  pipe 
extending  from  basement  main  to  faucets.  The  main  in  the  basement  should  be  located  on 
that  side  of  the  building  which  has  the  most  fixtures.  All  risers  should  extend  up  through  the 
building  on  inside  partitions,  and  where  possible  should  nm  in  prepared  chases  with  removable 
front.  All  water  pipes  in  a  building  should  be  grouped  together  as  much  as  possible  and  every 
riser  should  have  a  separate  shut-off. 

Material  for  exposed  and  concealed  water  pipe  varies  according  to  the  action  of  water  upon  the  material. 
Some  water  attacks  lead  more  than  it  does  brass  and  iron;  therefore  it  is  best  to  install  piping  which  is  especially 
suitable  in  resisting  the  action  of  water.  Brass  pipe  in  most  cases  will  last  longer  as  a  water  pipe  than  any  other 
material.  It  will  be  found  much  cheaper  to  install  good  material  for  water  pipes  in  the  first  instance  than  to  be 
obliged  to  replace  good  material  within  5  or  6  yr.,  which  is  often  the  case.  Lead  pipes  extra  strong,  brass  pipe 
(iron  pipe  siie),  galvanised  iron  and  galvanised  steel  pipe  are  in  use  under  all  conditions,  and  each  material  has  its 
advantages  over  the  others  for  particular  work.  All  piping  which  is  concealed  in  cinder  fill  or  concrete  should  be 
painted  one  coat  with  red  lead  and  oil,  or  be  asphaltum  coated,  and  then  covered  with  tarred  paper.  When  water 
pipes  pass  over  decorated  ceilings  (which  should  never  occur  if  possible  to  avoid)  they  should  run  in  a  lead  or 
copper  trough  which  should  have  a  tell-tale  pipe  extending  to  the  basement.  The  best  installations  of  water  pipe 
are  those  in  which  the  entire  system  is  arranged  for  inspection. 

The  valves  used  on  a  system  of  water  piping  are  generally  gate  valves,  compression,  globe,  and  plug  cock. 
These  valves  are  used  to  stop  the  flow  of  water  and  are  called  stops;  when  provided  with  a  waste  port  to  drain  the 
piping  from  which  the  pressure  has  been  shut  off,  they  are  called  stop  and  waste  cocks.  Valves  should  neves 
be  placed  in  a  line  of  pipe  in  such  a  position  that  they  cannot  be  taken  out  and  renewed.  There  are  numerous  maker 
of  valves  in  as  many  different  weights  but  of  the  same  sise.  It  is  well,  therefore,  to  specify  the  weight  of  valve  to 
b«  used.  Valves  which  control  the  water  pressure  to  fixtures  should  be  so  placed  in  the  system  of  piping  that  they 
can  easily  be  reached  at  all  times. 

Water  Hammer, — The  pounding  noise  sometimes  heard  in  water  pipes,  known  as  water 
hammer,  is  caused  (1)  by  a  loose  packing,  stems  or  working  parts  in  a  valve  or  faucet  vibrating 
as  the  water  passes  through  it,  or  (2)  by  self-closing  cocks  not  properly  fitted.  There  should  be 
at  each  end  of  the  water  pipe  lines  an  extension  of  pipe  about  2  ft.  long  and  capped  so  as  to  form 
an  effective  air  cushion. 

10.  Hygienic  and  Some  Service  Features  of  Bubbling  Fountains  and  Other  Drinking 
Devices.' — Bacterial  diseases  may  be  transmitted  by  water  and  drinking  devices.  That  this 
may  be  better  understood  and  the  responsible  factors  linked  together  and  both  studied  from 
the  viewpoint  of  disease  prevention,  the  following  important  factors  are  presented. 

Bacterial  Diseases. — Any  disease  which  is  caused  by  bacteria  can  be  passed  along  to  some- 
one else  provided  a  means  of  transfer  is  afforded.  As  an  illustration,  tubercle  bacilli  may  be 
conveyed  by  the  spray  from  one  who  is  coughing,  by  dust  or  by  handshaking.  Typhoid  bac- 
cilli  may  be  passed  from  one  to  another  by  handshaking,  by  contact,  or  soiled  linen,  in  water  or 
food. 

Water. — What  part  does  water  play  in  carrying  germs  from  one  person  to  another?  In 
order  to  answer  this  question  it  will  be  necessary  to  consider  how  disease-producing  germs  may 
get  into  water  or  on  utensils  used  in  conveying  the  water. 

Drinking  waters  are  classified  as  safe  or  unsafe,  the  former  being  free  from  the  addition  of  sewage,  houaehold 
and  industrial  waste,  or  other  pollution.  All  surface  water  in  areas  of  human  habitation  are.  as  a  rule,  unsafe  for 
drinking  purposes  without  some  sort  of  treatment.  Springs  which  are  fed  by  surface  washings,  and  particularly 
those  which  emerge  at  the  foot  of  hills,  are  also  liable  to  become  polluted.  Shallow  wells,  streams,  rivers,  and 
lakes,  which  receive  water  from  surface  drainage,  are  as  a  rule  not  safe  to  drink  without  treatment. 

Water  and  Bacterial  Diseases. — The  water  supplied  from  such  wells  is  apt  to  be  highly  pol- 
luted, containing  a  large  number  of  bacteria  and  other  objectionable  material.  The  surface 
washings  and  underground  seepage  which  find  their  way  into  such  a  well,  drain  directly  or  in- 
directly from  outhouses,  bams,  and  other  refuse. 

1  By  Frank  R.  King,  Domestic  Sanitary  Engineer,  Madison,  Wis.  Extracts  are  taken  from  an  investigation 
report  entitled  "Water  Supplies  and  Drinking  Devices,  How  They  May  Spread  Bacterial  Diseases, "  by  Dr.  W. 
D.  Stovall,  Bacteriologist,  and  Frank  R.  King,  Domestic  Samtary  Engineer,  Madison,  Wis. 
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Disease-producing  bacteria  are  thus  conveyed  into  the  water  supply.  People  drinking  and  using  water  so 
polluted  arc  very  frequently  troubled  with  diarrheal  diseases,  tjrphoid  fever,  and  other  intestinal  and  digestive 
complaints. 

Drinking  Devices. — As  a  result  of  the  concentration  of  people  in  cities,  public  buildings^ 
places  of  employment,  schools,  parks,  etc.,  the  danger  of  the  transmission  of  diseases  caused  by 
bacteria  is  greatly  increased.     The  spread  of  disease  is  not 
wholly  confined  to  the  water  at  its  source  of  supply,  but 
depends  frequently  upon  the  means  by  which  each  indi- 
vidual obtains  a  drink. 

The  water  supply,  when  polluted  at  its  source,  is  usually  responsible 
for  the  spread  of  such  diseases  as  typhoid,  cholera,  and  dysentery.  Other 
diseases,  syphilis,  tuberculosis,  diphtheria,  tonsilitis,  and  pneumonia,  are 
frequently  spread  not  by  the  water  but  by  the  depositing  upon  drinking 
devices  of  mouth  secretions  and  sputa  of  people  who  are  carrying  the 
germs  which  cause  these  diseases.  The  old  common  drinking  cup  still  is 
one  means  by  which  these  diseases  are  frequently  spread. 


Fio.  13. 


Fig  14. 


Common  Drinking  Cup, — In  factories,  in  railroad  stations,  on  railroad  trains,  in  public  parks 
and  public  buildings  where  not  prohibited,  it  is  the  rule  to  see  a  tin  cup  tied  to  the  water  cooler 
(Fig.  13),  and  everybody  is  invited  to  come  and  have  a  drink  from  the  same  cup.  This  cup  is 
used  by  the  sick  and  well;  by  those  who  have  syphilis  and  other  communicable  diseases,  and 
by  those  who  have  not.     The  man  with  syphilis  at  some  time  during  the  disease  usually  has 

sores  in  his  mouth.  These  sores  grow  from  small  ulcers  in  the  throat 
and  mouth  to  large  ulcers  which  involve  the  inside  of  the  cheeks,  the 
gums  and  the  tongue.  The  sores  are  open,  that  is  raw,  and  the 
saliva  and  secretions  from  the  mouth  of  such  a  person  carry  the  germ 
which  causes  S3rphilis.  When  he  or  she  drinks  from  the  common 
drinking  cup,  there  is  deposited  around  the  side  of  the  cup  saliva  from 
the  mouth.  Sometimes  indeed  the  cup  dips  into  or  rubs  sores,  and 
some  of  the  dead  tissue  always  lying  loosely  on  the  surface  is  left  on 
the  side  of  the  cup.  The  next  person  who  drinks  puts  into  his  or  her  mouth  the  same  cup, 
rubs  the  infected  surface  maybe  on  a  crack  in  the  lip  or  a  small  sore  on  the  tongue,  and,  as  a 
result,  acquires  syphilis.  This  illustrates  how  the  common  drinking  cup  often  serves  to  transfer 
disease  from  one  mouth  to  another. 

Individual  Drinking  Cup, — In  order  to  stop  this  means  of  spreading  disease,  many  new  and 
ingenious  methods  have  been  devised.  Individual  drinking  cups  of  various  types  made  of 
paraffin  paper  are  frequently  seen.  These  individual  cups  are  the  very 
best  means  afforded  to  obviate  the  dangers  of  the  common  drinking  cup, 
and  are  inexpensive.  Not  a  few  public  water  fountains  have  a  special  C!^^ 
mechanical  device  for  distributing  paraffin  cups.  This  device  consists  of  a  \  /  (a) 
long  glass  tube,  which,  after  being  filled  with  cups,  is  set  into  a  container  <g 
provided  with  a  simple  mechanism  which  is  operated  by  a  small  lever  on  the 
side,  delivering  a  cup  at  each  operation  (fig.  14). 

Bubbler  Fountain, — Another  popular  way  of  supplying  drinking  water 
in  public  places  is  through  the  bubbling  fountain.  The  fountain  flows 
continuously  or  is  supplied  with  a  hand-operated  control  valve.  The  object 
of  the  bubbling  fountain  is  to  supply  each  individual  ^dth  a  drink  without 
the  necessity  of  bringing  the  lips  in  contact  with  the  drinking  device. 
Therefore,  if  the  fountain  meets  these  requirements,  the  stream  must  bubble 
high  enough  so  that  the  water  can  be  drunk  without  the  lips  coming  in 
contact  with  the  bubbler  head  (Fig.  15a). 

There  are  various  t3rpe8  of  these  bubblers.  Nearly  all  of  them  deliver  the  stream  of  water 
in  a  vertical  direction.  A  later  type  of  bubbler  delivers  the  water  at  an  angle  of  about  45  deg. 
(Figs.  156and  18). 

A  recent  make,  "  Vertico  Slant, "  delivers  the  stream  at  an  angle  of  8  deg.  (Fig.  19).    The 
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special  sanitary  feature  of  this  type  lies  in  the  slanting  stream.  This  hygienic  feature  is  intended 
to  prevent  contact  of  the  mouth  and  bubbler  devices.  Some  fountains  are  constructed  so  that 
the  water  stagnates  inside  the  bubbler  head  (Fig.  16c).     This  is  considered  an  objectionable 

feature.      In  other  styles  the  fountain  is  constructed  with  a  bowl 

which  retains  water  and  frequently  the  individual  drinks  from  a  pool 

("^    ^  IC  ^^  water  which  has  furnished  many  others  with  a  drink.    This  is  little 

or  no  better  than  the  common  drinking  cup  (Figs.  16a  and  166). 


&>) 


U 


Q 
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Some  typ«s  have  been  oonatructed  to  give  a  flow  at  an  angle  from  the  bubbkr 
and  are  equipped  with  a  guard  on  the  side  (Fig.  16d).  This  guard  may  be  objee- 
tionable.  Many  who  attempt  to  drink  from  thia  tsi>e  of  bubbler  place  the  faee 
against  the  guard.     This  affords  a  means  for  the  spread  of  disease  by  oontaet. 

Bubbler  heads  equipped  with  small  pads  of  cotton  or  other  matoial  to  act  ■■ 
a  filter  for  the  water  are  not  satisfactory.  The  cotton  collects  bacteria  and  dirt, 
and  may  actually  increase  the  number  of  bacteria  in  the  water  after  it  paaMi 
through  the  bubbler. 

Portable  drinking  fountains  are  often  found  in  public  places  wh«r«  nmnii^ 

^g^^  f\^  ^      water  is  not  available.     Ilg.  17(a)  illustrates  such  a  type.     A  constant  ptcasms 

(^\  §^  sufficient  to  force  the  water  the  desired  height  above  the  bubbler  head  usually  ifl  not 

V  ^  yf  ...  obtained  in  these  fountains  (Fig.   176),  and  as  a  result  the  lips  are  often  placed 

vXi^J  M     ^  ^  against  the  head  of  the  bubbler  in  order  to  obtain  a  drink.     Those  bubblers  of  *^l»^ 

type,  having  inadequate  pressure,  are  perhaps  but  little  better  than  the  common 
drinking  cup. 

The  individual  drinking  cup  as  already  described  in  Fig.  14  should  take  the  place  of  this  tjrpe  of  drinking 
fountain. 

The  important  considerations  in  operating  bubbler  fountains  are  adequate  water  supply,  uniform  prffiiiff. 
and  cleanliness.  The  pressure  should  be  adequate  to  force  the  stream  sufficiently  high  so  that  the  drinker  may 
"bite"  the  bubbling  stream.  The  bubbler  head  should  be  of  as  plain  construction  as  possible.  Of  the  vertical 
stream  type  of  bubbler,  the  mushroom  head  type  is  the  most  satisfactory  (Fig.  16),  and  when  sufficient  volums 
and  pressure  of  water  are  supplied  the  angle  at  which  the  stream  bubbles  makes  little  difference. 
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PLXTMBING  AND  DRAINAGE— TYPICAL  REGULATIONS  AND  SUGGESTIONS 

By  Frank  R.  Kino 

A  modem  system  of  sanitary  plumbing  is  an  influential  factor  in  maintaining  and  extend- 
ing the  hygiene  of  the  home,  school,  office,  or  industry,  and  contributes  to  the  maximum  comfort 
of  those  who  enjoy  its  advantages.  It  is  now  recognized  more  than  ever  before  as  a  neces- 
sary sanitary  improvement.  Conversely,  insanitary  plumbing  installations  are  inimical  to  the 
health  and  well  being  of  the  public.  It  is  considered  necessary,  therefore,  to  protect  those  who 
are  not  familiar  with  the  principles  of  safe  plumbing  construction  against  incompetent  or  indif- 
ferent persons  who,  in  the  absence  of  official  restrictions,  might  take  advantage  of  such  ignorance 
to  design  or  install  plumbing,  water  supply  or  drainage  systems  which  may  be  a  constant  menace 
to  health  and  comfort. 

To  this  end,  state  and  municipal  regulations  and  ordinances  have  been  enacted  to  guard 
against  inefficient  installations. 

20.  "Outside  of  Building"  Regulations. — The  following  are  typical  requirements  in  a  local 
plumbing  ordinance  capable  of  being  applied  to  the  average  municipality.     This  measure  de- 
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fines  plumbing  and  drainage  and  covers  such  subjects  as  inspection  and  supervision,  licensing, 
permits,  fees,  bonds,  penalties,  construction  and  materials  of  house  drains  from  building  to  street 
mains,  and  other  phases  of  the  work.  For  plumbing  ordinance  requirements  within  the  building, 
reference  should  be  made  to  Art.  22  dealing  with  requirements  of  modem  codes. 

Plumbing  Defined. — For  the  purpose  of  ordinanoee.  plumbing  may  be  defined  to  be  the  placing  of  all  plumbing, 
water  supply  and  drainage  materiala  and  applianoee  within  any  building  and  from  3  to  5  ft.  outside  of  the  building, 
and  the  construction  and  alteration  of  all  pipes,  faucets,  tanks,  valves  and  other  fixtures  by  and  through  which  water 
supply  or  waste  or  sewage  is  used  or  carried  in  any  manner  whatsoever. 

Drainlaying  Defined. — Drainlajring  for  the  purpose  of  ordinance  requirements  may  be  defined  generally 
to  include  the  connecting  of  drains  to  the  main  sewers  in  streets  or  allesrs,  placing  of  materials,  construction  and 
alteration  of  drains,  beginning  3  to  5  ft.  from  the  foundation  or  area  wall  of  the  building,  to  its  connection  and 
the  main  sewer  in  the  street,  alley  or  other  disposal  terminal. 

Inspection  and  Supervision. — The  pliimbing  inspector,  under  the  direction  of  a  state  department  or  municipal 
governing  body,  usually  has  control  of  the  supervision  and  insi>ection  of  plumbing,  drainage  and  drainlaying,  and 
is  required  to  enforce  all  laws,  ordinances,  and  rules  in  relation  thereto.  It  b  the  duty  of  the  plumbing  inspector 
to  see  that  the  construction,  re-construction  and  alterations  of  all  plumbing,  drainage  and  plumbing  ventilation 
installed  in  all  buildings  coming  under  the  jurisdiction  of  the  state  or  local  regulations  conform  with  the  laws  and 
ordinances  and  the  rules  and  regulations  laid  down  by  the  state  or  local  governing  bodies.  When  ordered  by  the 
state  or  local  authorities,  he  is  empowered  also  to  inspect  water  services  as  to  their  depth  below  grade,  manner 
of  construction,  materials  and  workmanship,  replacing  of  earth,  pavements  and  sidewalks,  and  to  supervise  public 
sewer  work,  ^wer  connections,  and  excavations  made  for  the  same. 

Plumbing  and  Drainlajring  Permits  and  Pees. — Under  local  ordinances,  and  sometimes  under  state  regula- 
tions, no  i>Iumbing  may  be  done,  except  in  case  of  repairing  leaks  and  stoppages,  without  a  i>ermit  first  being  issued 
therefor  by  the  inspector  of  plumbing  and  the  payment  of  the  proper  fees.  When  necessary  the  applicant  for  a 
plumbing  or  drainlaying  permit  must  file  with  the  plumbing  insi>ector  a  plan  and  specification  showing  in  detail 
the  work  to  be  done.  Before  the  inspector  issues  such  permit  he  must  approve  the  application  and  issue  to  the 
applicant  a  statement  showing  the  fees  to  be  paid  for  such  permit.  Upon  presentation  to  the  plumbing  insi>ector 
of  the  proper  receipt  showing  the  payment  of  all  legal  fees,  the  permit  is  issued  for  the  work  set  forth  in  the 
application. 

Schedule  of  Pees. — The  schedule  of  fees  to  be  paid  varies  in  different  cities.  A  typical  fee  schedule  follows: 
For  each  sewer  connection  and  for  the  first  6  fixtures.  50^  each;  and  for  each  additional  fixture,  25^.  Such  schedule 
applies  to  the  following  list  of  fixtures:  Sinks,  water-closets,  baths  of  any  description,  soda  fountains,  refrigerators 
or  ice  boxes,  sanitary  bubblers,  catch  basins  or  similar  receptacles,  machine  waste  connections,  acid  tanks,  sumps 
and  ejectors,  rain-water  cistern  connections,  private  sewage  disposal  plants,  changes  and  alterations  where  in- 
spections are  necessary,  and  house  drain,  sewer,  water,  atui  fire  protection  installations  when  no  plumbing  fixtures 
are  installed.  In  some  places  a  flat  rate  is  charged  for  water  and  sewer  connections,  based  on  the  sise  of  the  pipes 
to  be  installed. 

It  is  usually  required  that  no  plumbing  or  drainage  of  any  character,  except  leakage  repairs  and  stoppages, 
shall  be  installed  unless  a  permit  for  the  work  has  been  issued  by  the  plumbing  inspector,  and  that  no  i>erson  shall 
interfere  in  any  way  with  the  work  of  inspection,  or  permit  any  plumbing  or  drainage  to  be  used  until  it  has  been 
inspected  and  approved  by  the  inspector,  unless  special  permission  is  given  by  the  proper  authorities. 

Plumbers'  and  Drainlayers'  Licenses. — Most  municipalities,  and  some  states,  require  that  no  person,  firm 
or  corporation  shall  carry  on  the  business  of  plumbing  or  drainlaying,  or  perform  such  work  until  licenses  and  per- 
mits have  first  been  obtained  as  required  by  law  or  ordinance,  except  that  property  owners  or  their  employes  shall 
not  be  prohibited  from  removing  stoppages  in  waste  pipes  or  repairing  valves  or  faucets  without  a  permit. 

Bond. — Those  coming  under  the  provisions  of  such  ordinances  are  usually  required  to  execute  a  good  and 
suflScient  bond,  with  two  or  more  sureties,  or  an  indemnity  bond,  to  be  approved  by  the  governing  bodies,  condi- 
tional upon  the  faithful  i>erformance  of  all  work  in  accordance  with  the  laws,  ordinances,  rules  and  regulations 
governing  the  installation  of  plumbing  and  drainage. 

Authority  to  Enter  Premises. — The  plumbing  inspector  should  have  power  and  authority  at  all  reasonable  times 
tot  any  proper  purpose  to  enter  upon  any  private  or  public  premises  and  make  inspection  thereof,  and  to  require 
the  presentation  of  the  license  and  permit  of  any  persons  doing  plumbing  or  drtfinlaying  work.  Anyone  resisting 
or  obstructing  any  lawful  exercise  of  authority  by  the  plumbing  inspector  is  made  subject  to  a  penalty. 

Notice  for  Inspection. — Whenever  any  work  is  ready  for  inspection  the  plumbing  inspector  must  be  notified 
by  the  plumber  in  charge  or  persons  receiving  the  i>ermit,  as  directed  by  the  plumbing  inspector,  specifying  the 
street  and  house  number  when  possible,  and  the  plan  or  permit  number  under  which  the  work  is  being  done.  Un- 
less otherwise  specially  permitted  by  the  inspector,  all  work  of  plumbing  or  drainlaying  must  be  left  uncovered 
for  examination  and  approval  by  the  inspector.  The  plumber  should  make  such  arrangements  as  will  enable  the 
inspector  to  search  all  parts  of  the  building  readily,  have  present  the  proper  apparatus  and  appliances  for  wntUng 
the  tests,  and  furnish  all  materials  and  perform  all  labor  in  making  the  tests. 

Replacing  Street  Surface. — When  opening  any  street  surface  or  other  public  way,  all  material  for  paving  or 
ballasting  should  be  removed  with  the  least  possible  loss  of  surfacing  material,  and,  together  with  the  excavated 
material,  should  be  placed  where  it  will  cause  the  least  inconvenience  to  the  public,  and  all  such  materials  should 
be  so  placed  as  to  adroit  the  free  passage  of  water  along  the  gutters.  As  little  of  the  trench  as  possible  should  be 
dug  until  the  slant  or  junction  piece  to  the  sewer  is  found.  The  backfilling  should  be  puddled,  and  the  paving 
and  ballast  replaced  in  as  nearly  the  original  condition  as  possible  and  to  the  satisfaction  of  the  officials.     When  the 


1258  HANDBOOK  OF  BUILDING  CONSTRUCTION  [Sm.  S-20 


sides  of  the  trenches  will  not  stand  pen>6ndioular,  sheathing  and  braces  should  be  used  to  prevent  caTinc. 
caving  occurs,  all  the  street  surface  thus  disturbed  should  be  restored  in  the  same  careful  manner  as  though  it  woe 
an  excavation  or  a  trench. 

Protection  of  Pubhc. — Every  plumber  and  drainlayer  should  enclose  openings  made  in  streets  or  public  w^n 
with  sufficient  barriers,  and  maintain  red  lights  from  sunset  to  sunrise,  one  placed  at  each  end  of  openincB  in  strecli 
and  the  others  at  intervals  of  10  ft.  All  necessary  precautions  should  be  taken  to  guard  the  public  effectually  fron 
accidents  or  damage  to  persons  or  property  from  the  beginning  to  the  end  of  the  work.  Plumbers  and  drsinlsjcn 
should  be  held  responsible  for  all  damages,  including  costs  incurred  by  the  municipality  or  owner  in  defending  say 
action  that  may  be  brought  for  damages,  and  costs  of  any  appeal  that  may  result  from  any  neglect  <rf  the  plombcr 
or  his  employes  to  take  necessary  precautions  against  possible  injury  or  damage  to  persons  or  property. 

Record  of  Drain  Junctions. — The  city  engineer  is  usually  charged  with  keeping  a  record  of  all  sewer  conneetaoM 
on  maps  showing  their  location  and  the  position  of  all  house  drains,  connections,  and  junctions,  and  presentiBt 
other  necessary  data.  No  person  except  licensed  drainlaycrs  should  be  permitted  to  tap  or  make  connection  with 
the  general  sewerage  system  or  any  part  thereof.  Such  information  as  the  municipality  has  with  recard  to  the 
location  of  sewer  junctions  or  slants  should  be  at  the  disposal  of  drainlaycrs,  but  at  their  rbk  as  to  its  accuracy. 
When  in  compliance  with  the  measurements  furnished  by  the  municipality  the  junction  is  not  found,  a  slant  con- 
nection and  ono-eighth  bend  should  be  used,  and  such  connection  made  under  the  direction  of  the  plumbing  in- 
spector or  other  authorised  official. 

Drain  for  Each  Building. — Whenever  practicable,  the  sewerage  and  drainage  system  of  every  house  orb  uilding 
should  be  separately  or  independently  connected  with  the  street  sewer,  except  that  where  a  building  stands  in  the 
rear  of  another  on  the  same  lot,  the  house  drain  from  the  front  building  may  be  extended  to  the  rear  buildinct  bam, 
or  private  garage. 

Size,  Quality  and  Weight  of  Materials. — The  drain  pipe  extending  from  the  main  sewer  to  a  point  within  3 
to  5  ft.  of  the  outside  wall  of  residences  of  not  more  than  two  stories,  should  be  constructed  of  6-in.  vitrified  day 
pipe  or  4-in.  cast-iron  pipe,  and  in  all  other  cases  drains  extending  from  the  main  sewer  to  the  outside  or  to  the 
area  wall  should  be  constructed  of  G-in.,  or  larger,  vitrified  clay  pipe  or  of  G-in.  extra  heavy  cast-iron  pipe. 

Defective  or  Inferior  Pipe  Prohibited. — Ordinances  usually  forbid  the  laying  or  connecting  with  any  publis 
sewer  of  pipes  that  are  cracked,  damaged,  or  of  inferior  make  or  quality,  under  penalty. 

Grade  of  Drains. — All  drains  outside  of  the  building  from  sewer  to  lot  line  and  designed  to  receive  solid  sub- 
stances, should  have  a  grade  of  >^  in.  or  more  per  foot  if  possible;  and  in  no  case  should  the  grade  be  less  than  H 
in.  per  foot.  Where  the  main  sewer  in  the  street  has  sufficient  depth  or  where  a  lot  is  3  ft.  or  more  above  grade 
line,  the  drain  between  the  curb  line  and  lot  line  may  receive  such  greater  inclination  as  in  the  judgment  of  the 
local  officials  may  be  deemed  proper. 

Drain  Ends  and  Connections  Guarded. — The  ends  of  all  sewer  and  drain  pipes  not  immediately  connected 
should  be  securely  closed  to  prevent  the  introduction  of  sand  or  earth;  and  where  the  end  of  the  sewer  or  drain  pipe 
is  connected  with  a  temporary  catch  basin  for  foundation  during  the  erection  of  any  building  or  for  other  purposes, 
the  drainlayer  should  guard  the  same  against  the  introduction  of  sand  or  earth. 

Construction  of  Joints. — All  joints  of  sewer  and  drain  pipes  must  be  pointed  carefully  on  the  outside  and  the 
pipe  left  clean  and  smooth  on  the  inside  by  drawing  through  it  a  swab  or  scraper.  Along  the  entire  length  of  the 
drain  or  sewer,  the  joints  should  be  securely  and  completely  bedded  and  covered  in  good  quick-setting  cement  to 
prevent  the  escape  of  water,  sewage  or  air.  The  mortar  should  consist  of  one  part  cement  and  two  parts  clean  sharp 
sand  which  are  to  be  mixed  dry  and  wetted  only  in  small  quantities  as  used.  The  use  of  tempered  cement  in  any 
case  should  be  prohibited. 

Change  of  Direction  and  Alignment. — All  sewer  and  drain  pipes  should  be  laid  carefully  in  a  trench  with  per- 
fect alignment  where  the  bottom  is  trimmed  to  a  perfect  grade;  and  any  deviation  or  change  of  direction  from  a 
straight  run  should  be  made  by  the  use  of  proper  curves  and  Y's.  No  sewer  or  drain  pipes  should  be  clipi>ed  where 
proper  fittings  can  be  used  for  change  of  direction. 

Backfilling. — Backfilling  should  be  made  with  due  care  and  in  a  workmanlike  manner,  according  to  approved 
standards  and  methods,  in  order  to  prevent  the  settling  of  the  drain  cr  sewer. 

Catch  Basins  and  Receptacles. — All  sewer  and  drain  pipes  which  must  be  left  open  to  drain  cellars,  areas,  yards, 
drain  pipes,  or  other  places,  should  be  connected  with  catch  basins  of  brick,  vitrified  cement  pipe,  concrste,  or  other 
suitable  substance,  the  bottom  of  which  should  not  be  less  than  2>i  ft.  below  the  bottom  of  the  outlet  pipe.  Every 
such  catch  basin  or  receptacle  should  be  placed  inside  the  line  of  the  lot  to  be  drained,  and  be  properly  trapped. 

Old  Pipe  or  Drain. — Whenever  necessary  to  disturb  a  drain  or  sewer  in  actual  use,  it  should  not  be  obetructsd 
or  disconnected  except  by  special  permission  of  the  plumbing  inspector,  and  it  is  usually  prohibited  to  make  new  oon- 
neotions  with  or  extensions  to  any  old  drain  without  special  permission  of  the  proper  authorities. 

Drain  When  Obstructed. — Where  the  course  of  any  sewer  or  drain  is  obstructed  by  water,  gas,  steam  or  other 
pipes  or  conduits,  the  question  of  passing  over  or  under  such  obstruction  or  of  the  raising  or  lowering  thereof  so  ss 
to  permit  the  construction  and  installation  of  the  sewer  or  drain  should  be  determined  by  a  competent  municipal 
official. 

Permit  to  Connect  During  Freezing  Weather. — In  cold  climates  no  opening  in  the  streets  for  making  connec- 
tions with  a  main  sewer  is  permitted  when  the  ground  is  frosen  except  when  in  the  judgment  of  the  authorities  such 
connection  is  absolutely  necessary,  and,  if  such  permission  is  granted,  the  work  should  be  done  as  directed  by  the 
official  granting  the  permit. 

Protecting  Pipes  Against  Frost,  Injury  or  Settling. — All  water,  sewer,  drain,  gas,  conduits  or  other  piping  should 
be  protected  from  injury,  frost  or  settling  to  the  satisfaction  of  the  local  authorities. 

Protecting  Sewers  and  Drains. — No  person  should  x>ermit  any  earth,  sand  or  other  solid  material  to  enter 
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into  any  main  sewer  during  the  progress  of  any  work  in  laying  drains  or  sewers,  making  alterations,  extensions  or 
repairs  to  the  same,  or  in  connecting  such  drains  or  sewers  with  the  main  sewers. 

Drains  Conveying  IndustriAl  Wastes. — No  factory,  brewery,  chemical  plant,  stockyards,  slaughter-house, 
tannery  or  other  structure  should  be  connected  by  any  drain  or  sewer  with  the  main  sewer,  through  which  it  is 
intended  to  discharge  any  ofTal,  garbage,  filth  or  other  solid  refuse  or  through  which  objectionable  substances  may 
be  discharged  into  the  main  sewer,  unless  such  installations  are  provided  vrith  approved  treatment  appliances. 
Premises  should  not  be  connected  with  any  drain  or  sewer  entering  into  a  main  sewer  through  which  any  obnoxious, 
explosive,  malodorous  or  unhealthful  liquids  or  substances  may  be  discharged  into  the  main  public  sewers. 

Adequate  Flush  for  Drains. — The  connecting  of  water-closets  with  any  drain  or  sewer  unless  means  are  em- 
ployed for  the  abundant  and  adequate  flushing  of  the  same  with  clear  water  every  time  they  are  used,  should  be 
forbidden.  Every  such  closet  or  similar  applianoe  should  be  prox>erly  connected  with  an  adequate  water  supply 
sjrstem,  either  public  or  private. 

Steam  or  Hot  Water  "Blow-offs." — Exhausts  or  "blow-offs"  from  steam  boilers  or  engines  should  not  be 
connected  with  any  drain  or  sewer,  but  should  be  discharged  only  into  catch  basins  or  an  adequate  cooling  recep- 
tacle. 

Penalty. — The  following  may  be  taken  as  a  tsrpical  penalty  provision.  "Any  master  or  journeyman  plumber, 
drainlayer,  property  owner,  or  other  person  who  shall  willfully  violate  any  of  the  provisions  of  this  ordinance,  or 
who  shall  install  or  allow  to  be  installed  any  plumbing  or  drainage  in  this  city  (village)  contrary  to  the  provisions 
of  this  ordinance,  shall  be  deemed  guilty  of  a  misdemeanor  and  shall  be  subject  to  a  fine  of  not  less  than  $10,  and 
not  to  exceed  $50,  or  imprisonment  in  the  county  jail  not  exceeding  30  days  for  each  and  every  violation  thereof. 
Each  day  of  such  violation  shall  constitute  a  separate  offense.'* 

21.  Explanation  of  Terms. — Plumbing  work  embraces  all  piping  and  appurtenances  in 
connection  with  the  drainage,  ventilation,  or  water  supply  systems  within,  and  to  a  point  from 
3  to  5  ft.  outside,  the  building  or  other  parts  of  the  structure,  and  may  include  the  water  service 
and  house  drain  piping  and  appliances  to  the  mains  in  the  street,  alley,  or  other  terminal. 

House  sewer  or  main  drain  is  that  part  of  the  horisontal  piping  beginning  3  to  5  ft.  from  the  foundation  wall 
to  its  connection  with  the  main  sewer,  cesspool  or  sewage  treatment  tank,  or  other  disposal  terminal. 

House  drain  is  that  part  of  the  horizontal  piping  of  a  house  drainage  system  which  receives  the  discharge  of 
all  soil,  waste  and  other  drainage  pipes  inside  the  walls  of  a  building  and  conveys  it  to  the  house  sewer,  3  to  5  ft. 
outside  the  foundation  wall  of  the  building. 

Soil  pipe  IB  any  pipe  which  convejrs  the  discharge  of  water-closets  with  or  without  fixtures  to  the  house  drain. 

Waste  pipe  is  any  pipe  which  receives  the  discharge  of  any  fixture  except  water-closets  and  conveys  the  same  to 
the  soil  pipe  or  house  drain. 

Main  soU  or  uHiste  vent  is  that  part  of  the  nuiin  soil  or  waste  pipe  above  the  highest  installed  branch  or  fixture 
connection,  extending  through  the  roof. 

Vent  pipe  is  any  pipe  provided  to  ventilate  a  drainage  and  plumbing  system  of  piping  and  to  prevent  siphonage 
and  back  pressure. 

Back  vent  pipe  is  that  part  of  a  vent  pipe  which  connects  directly  with  an  individual  trap  underneath  or  back 
of  the  fixture  and  extends  to  the  branch,  main,  soil  or  waste  pipe  at  any  point  higher  than  the  fixture  or  fixture 
traps  it  serves. 

Unit  vent  is  one  which  denotes  an  installation  so  arranged  that  one  pipe  will  serve  two  traps. 

Circuit  vent  is  a  connection  made  by  joining  a  nearly  horisontal  trap  outlet  with  a  waste  and  vent  pipe  in  such 
a  manner  that  a  continuous  vent  is  formed. 

Local  vent  is  a  pipe  or  shaft  serving  to  convey  the  foul  air  from  plumbing  fixtures  or  room  to  the  outer  air. 

Trap  is  a  fitting  constructed  to  prevent  the  passage  of  air  or  gas  through  a  pipe  without  materially  affecting 
the  flow  of  sewage  or  waste  water,  and  which  is  self-soouring. 

Depth  of  seal  trap  is  indicated  by  the  height  of  the  water  column  measured  between  the  overflow  and  the  dip 
separating  the  inlet  and  outlet  arms  of  the  trap. 

Deep  seal  reseating  trap  of  the  centrifugal  self-soouring  type  is  a  trap  in  which  the  water  motion  is  both  oentrif- 
ugal  and  upward  at  each  discharge  of  the  fixture  and  retains  an  adequate  amount  of  water  to  form  an  efficient 
trap  seal. 

Deep  seal  is  a  term  applied  to  a  trap  having  a'  water  seal  twice  the  depth  of  the  common  trap. 

Subsoil  drain  is  that  part  of  a  drainage  system  which  conveys  the  ground  or  seepage  water  from  the  foot  of 
walls  or  below  the  cellar  bottom  to  the  house  sewer,  independent  of  the  house  drain. 

Conductors  or  roof  leaders  are  the  pipes  which  carry  the  storm  or  rain  water  from  the  roofs  of  buildings  to  the 
house  or  yard,  drain  or  sewer.     The  vertical  portion  of  the  conductors  is  usually  referred  to  as  the  down  spout. 

Back  flow  is  a  term  denoting  the  reversal  of  flow  in  a  drainage  system. 

Deetd  end  is  that  part  or  branch  of  a  drainage  system  which  is  without  a  free  circulation  of  air. 

Private  sewer  is  one  which  has  an  independent  sewage  disposal,  not  connected  with  a  publie  sewer,  and  which 
accommodates  one  or  more  houses. 

A  sanitary  sewer  is  «  drain  or  sewer  constructed  to  convey  organic  sewage  from  buildings  to  a  septic  or  bacterial 
treatment  tank  or  other  point  of  disposal  and  from  which  all  surface  and  storm  water  is  excluded. 

A  septic  or  biological  tank  is  a  reservoir  or  tank  which  receives  crude  sewage,  and  by  baeterial  action,  liquefieft- 
tioiif  and  ledimentAtion  effeots  a  procets  of  purification  and  clarification. 
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CwBpool  is  an  ezeavation  in  the  ground  made  for  the  receiving  of  orude  sewage,  and  so  constructed  that  tiie 
organic  matter  is  retained  while  the  liquid  portion  is  permitted  to  seep  through  its  walls. 

Rural  or  isolated  rendenees  are  understood  to  be  those  situated  at  such  a  distance  from  public  sewer  system  that 
their  drainage  systems  cannot  becgme  tributary  to  such  public  system. 

Roughing  in  is  the  placing  of  all  that  part  of  a  drainage  or  vent  system  which  can  be  completed  before  ihe 
plumbing  fixtures  are  installed. 

Wiping  a  joint  is  a  method  of  joining  two  pieces  of  metal,  in  which  the  solder  is  fused  on  the  joint  and  wiped 
to  a  smooth,  neat  finish  with  a  wiping  cloth,  and  having  a  thickness  of  solder  over  that  part  of  the  joint  where  the 
metals  join  of  not  less  than  one-fourth  inch. 

Sanitary  plumbing  is  understood  to  denote  plumbing  so  designed  and  installed  that  it  can  be  kept  clean — that 
is,  free  from  defects  in  construction — and  that  conforms  in  every  particular  with  good  practice  and  sanitary 
essentials. 

Private  dwelling  is  understood  to  be  any  building  used  only  for  living  purposes  and  occupied  by  not  more  than 
two  families. 

Alignment  is  understood  to  indicate  "in  a  straight  line,"  graded,  horizontal  or  perpendicular. 

Terminal  is  that  part  of  a  drainage  or  vent  system  which  projects  above  the  roof  of  the  building  or  the  end  of 
the  house  drain  connecting  to  the  septic  tank  or  house  sewer,  or  other  dispoeal  terminal. 

Public  building  as  defined  by  state  and  local  regulations  means  any  structure  used  in  whole  or  in  part  as  a 
place  of  resort,  assemblage,  lodging,  trade,  traffic,  occupancy,  or  use  by  the  public,  or  by  three  or  more  tenants. 

Place  of  employment  means  every  place,  whether  indoors  or  out,  or  underground,  and  the  premises  appurtenant 
thereto,  where  either  temporarily  or  permanently  any  industry,  trade  or  business  is  carried  on  or  where  any  process 
or  operation,  directly  or  indirectly  related  to  any  industry,  trade  or  business,  is  carried  on,  and  where  any  person 
is  directly  or  indirectly  employed  by  another  for  direct  or  indirect  gain  or  profit,  but  does  not  include  any  plaoe 
where  persons  are  employed  in  private  domestic  service  or  agricultural  pursuits  which  do  not  involve  the  use  of 
mechanical  power. 

Baaement  may  be  defined  as  that  portion  of  the  building  whose  floor  line  is  below  the  grade  at  the  main  en- 
trance and  whose  ceiling  is  not  more  than  9  ft.  above  the  grade.  The  first  floor  is  that  next  above  the  basement, 
or  the  lowest  floor  if  there  is  no  basement.  The  total  number  of  stories  in  a  building  is  understood  to  embrace  all 
stories  except  the  basement. 

Height  of  building  is  generally  measured  at  the  center  line  of  its  principal  front,  from  the  street  grade  (or  if 
setting  back  from  the  street,  from  the  grade  of  the  ground  adjoining  the  building)  to  the  highest  part  of  the  roof, 
or  to  a  point  two-thirds  of  the  height  of  the  roof,  if  a  gabled  or  hipped  roof.  If  the  grade  of  the  lot  or  adjoining 
street  in  the  rear  or  alongside  of  the  building  falls  below  the  grade  at  the  front,  the  height  should  be  measured  at 
the  center  of  the  building. 

Approved,  as  used  in  plumbing  and  drainage  ordinances,  is  a  term  usually  signifying  the  installation  is  approved 
by  state  or  local  authorities  in  conformance  with  state  laws  or  local  regulations  governing. 

22.  ''Within  the  Building"  Regulations. — In  this  article  are  set  forth  in  brief  form  typical 
plumbing)  water  supply  and  drainage  requirements  as  contained  in  modem  state  and  local 
codes,  and  rules  and  regulations  applicable  to  work  within  the  building. 

The  important  "within  the  building"  requirements  in  connection  with  plumbing,  water 
supply  and  drainage  systems  may  be  summed  up  as  follows: 

(a)  Location  with  reference  to  convenience. 

(&)  Adequate  housing. 

(c)  Approaches  affording  due  privacy. 

(d)  Proper  construction  of  floors,  walls,  partitions,  etc. 

(e)  Lighting,  heat,  and  effective  room  ventilation. 

(/)    Kind  and  number  of  fixtures  and  other  appurtenances. 

(g)   Design  and  arrangement  of  piping  fixtures,  etc. 

(A)   Kind,  quality  and  weight  of  materials. 

(i)    Types  of  traps  and  re-vents  necessary. 

O")    Safe  and  adequate  water  supply. 

(k)  Good  workmanship. 

(l)  Utility  chambers,  shafts,  recesses,  raising  or  depressing  of  floors,  placing  of  walls 
and  partitions,  etc.,  to  enable  the  proper  installation  to  be  made  of  all  needed  piping  and 
appurtenances. 

(m)  Economy  of  installation  consistent  with  simplicity,  durability,  service,  comfort  and 
sanitation. 

Nearly  all  state  and  local  regulations  include  some  specific  requirements  for  the  foliowing 
classes  of  buildings,  each  of  which  should  receive  careful  consideration  by  the  designer  of  plumb- 
ing,  water  supply  and  drainage  installations: 
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Flooes  of  emplayment — faDtories,  office  and  mercaatile  buildinge,  and  other  emplo^rmeni 
centers. 

Public  buildings,  school  buildings,  Ubnuiee,  museunw,  places  of  detention. 

Aparttneat  and  tenement  houses. 

Tlieatets  and  assembly  halls. 

Hotels  and  rooming  houses. 

Rastaurants,  barber-shops. 

Slaughter-houaea,  rendering  plants. 

Creameries,  condenseries,  cheese  factories. 

Chemical  and  similar  plants. 

Federal  buildings. 

Private  residences  and  tvo-family  flats. 

Kpiug  requirements  are  in  most  caaea  identical  except  as  to  sizes  and  kind  of  materials, 
where  the  character  of  the  waste  is  such  as  to  be  destructive  or  where  its  proper  disposition  re- 
quires qMcial  treatment.  The  number  and  typa  of  plumbing  fixtures  and  other  appurtenances 
likewise  vary  in  certain  types  of  buildings. 

Whatever  deficiencies  may  exist  in  a  system,  may  properly  be  ascribed  alike  to  the  manu- 
facturer, plumber,  engineer,  architect,  designer,  owner,  installer,  and  inspector  of  plumbing. 
The  remedy  lies  in  education  and  the  cooperation  of  all  concerned. 


SMtlOB  1.     M  Om  Drain  for  Sath  fluiMinn.— Tba  pliunbing  lystfm  of  sch  Dcw  bulldinc.  or 

oewiduDUdDg 

ther  builditw, 

■ptu  providctliD  the  following  Hction. 

(M  r™  or  Mor,  Bvildirm,  o,.  o  I^.— Whfrt  *  building  >U»idii  in  the  ror  ol  »nothM  on  the  um 

rot.  (bg  faouH 

□  from  ths  front  building  may  be  eiteoded  to  the  nr  buUdiog,  plinto  E»n«e.  or  buti.  ud  the 

wh<de  SIM  be 

Saelian  1.  (a)  Vrtdtroround  Bamt  Draint. 
bnllding  undeiground  below  the  level  of  the  bueii 

(6)  MaleriaU  Vttd.—KW  undcrgiound  houM 
loekliCiea  the  use  of  vitrienl  clay  pipe  i>  permitto 
where  ■  lubetniitial  cement  floor  ia  laid.  12-iii.  cc 
conatruction  of  a  hoiue  drain  when  the  ground  or 
(Rga.  20  and  48). 


Swtiaiia.     Trtnclui/arFiiMi 
eukVktiona  neonaary  for  the  ii 
f  m  abould  be  open  trench  woik. 


FiQ.  ». 
—All  house  dTBlna  ahould  whei 
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Section  4.    (o)  SubaoU  Draint, — Where  subsoil  drains  are  used,  they  should  be  made  of  cpmb^okatmA  dndatii 
properly  trapped  before  entering  the  house  drain. 
(For  method  of  installation  see  Sect.  40.) 

Table  1. — Soil,  Waste  and  Vent  Pipes 

Table  Showing  Kind  and  Number  of  Fixtures;  Sisee  of  Traps;  and  Diameter  of  Soil,  Waste,  and  Vent  Fip« 


Kind  of  fixtures 

Soil  and  waste 

Ventt 

Sixes  of  trape 
required 
(inches) 

MnzimvB 

Number 

fixtures 

allowed 

Sises  of 

soil  and 

waste 

(inches) 

Number 

fixtures 

allowed 

Sises  of 

back  vent 

(inches) 

devMopni 

length  of 

vent  pipe  po- 

mittedt 

(feet) 

Closets 

• 

6 

7-16 
16-36 
37-64 
66-100 

3 

4 
6 
6 
8 
10 

6 

7-10 
11-20 
21-40 
41-76 
76-100 

2 

2H 
3 

4 
6 

2H 
to 

4 

00 
80 
100 
190 
150 
S80 

Slop  sink  with  trap  combined 

2- 

6- 

7-16 
16-36 
37-64 

2 
3 

4 
6 
6 

1 

6 

7-10 
11-20 
21- 

2 

2H 
3 

3H 

2 
to 

4 

40 

60 

80 

100 

120 

Sinks,  bath   tubs,  laundry  trajrs,  ordi- 
nary slop  sinks,  small  single  urinals, 
and  shower  baths 

1 

1-4 

6-6 

7-10 

11-16 

16-30 

IH 
2 

2H 
3 

3H 
4 

4 

6-8 

9-12 

13-20 

21-30 

31 

IH 
2 

2H 

3 

3>i 

4 

IH 

or 

2 

40 

60 

80 

100 

120 

150 

Wash  basins,  cuspidors,  bubblers,  refri- 
gerators 

1 

1-4 

4-10 

10-26 

26 

IH 

2 
3 

4 

2 

2-6 

6-16 

16-40 

40 

IH 

2 

3 

4 

IH 

or 
larger 

25 

40 

60 

100 

150 

Floor  drains 

1 

1-4 
4-8 
8-36 

2 
3 

4 
6 

6 

6-10 
10- 

2 
3 

4 

2 

to 

6 

60 
100 
150 

Fountain  connection 

to 
3 

IH 

to 

2 

IH 

or 

larger 

40 
to 
60 

Long  trough  pedestal,  combined  trap, 
and  porcelain  stall  urinals 

1 

1-4 

4-10 

10-26 

25- 

2 
3 

4 
6 
6 

2 

1-4 

4-12 

12-30 

30- 

IH 

2 

2H 
3 

1 

1 
1 
1         2 

1         to 

4 

1 

1 

40 

60 

80 

100 

150 

*  See  Section  20  and  Fig.  28. 

t  The  vent  sixes  are  intended  for  individual  reventing  of  each  fixture  trap. 

X  After  maximum  developed  length  of  vent  pipe  is  reached,  increase  diameter  of  pipe  at  each  multiple  ^  the 
maximum  length  permitted. 

NoU. — Consult  also  Sections  5  to  10  inclusive. 

Note. — In  determining  the  sise  of  the  soil  and  waste  pipe  given  in  Table  1,  allow,  in  addition  to  each  oloeet 
permitted,  one  bath,  one  basin,  and  one  sink  or  other  similar  fixture.  In  determining  the  sise  of  vent  inpe,  allow, 
in  addition  to  each  closet  permitted,  one  bath,  one  basin,  and  one  sink  or  other  similar  fixture.  (For  method  of 
installationp  tee  various  illustrations.) 
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SKtlDn  I.  (a)  Vnlo-ioti.— All  mvn  and  bimDoh  u 
■led  with  Isr  or  uph^ltum.  inlviuiiiBd  vrouabt  iron 

(,b)  Minimum  Sat  b/  Vmt  Slocjt.^Wbers  Dot  more  t 
rve  M  the  only  cloeeta  in  the  buUdios,  th*  vgnt  pipa  »h 


vflDt  and  bAflk  pipe*  shoiild  bs  mad«  of  a 


I'lo.  27.— ShDwint  metbodB  ot  b«ok-'nntlBc  trmpa. 


er  uiojl&i  Axtun*  whe 


TBit  pipe.  (IIdw  in  ■ddition  to  thedoaet,  one 

should  bn  (overMd  by  the  prDvi>[oiu  ol  T&ble  1. 

(c)  FouT^neh  Slack  May  bt  Decrcattd.—\  cloMt  ms;  bi  initalled 


ink  or  other  ainuUr  fiitun 


Tha  liw  ol  tfa*  *cDl 


□a  B  4-iii.  aoU  pipe  riiiog  from  tha  hooae  dnu 
ted  with  &  2-iD.  vent  pipe,  provided  the  premiMH  where  auch  cliaet  !■  to  b* 
liminiahed  liK  eitendins  tbroufh  the  root  (Ke  Fig.  21). 
be  installed  <id  the  fint  Boor  or  ground  Ooor  and  may  be  vented  wltb  ■  2-iB. 


Section  (. 

(a)  RoofExUn 

tim 

,.— AllaoUand 

rssta 

the  diach^Be 

nf 

■re  ahould  be 

eitended  t: 

ull  calibre  abov 

ath 

eioof, 

vided  tor  in 

Fi 

e   in  cold  cLim 

ahould 

pip* 

througfa  th 

root  be  [«>  thai 

4 

n.  in  di 

meter. 

■ihe 

Cturnie  in  diami 


the  proviaiona  of  Figs.  22 

should  be  made  by  means  ol  a  tone  increaser,  at  least  Sin. 

belowroof  (Fic.21). 

m  fToUnim  from  Frort,— All  drain,  eirfl,  waste,  or 
vent  and  supply  pipes  Ahould  be  as  direct  as  poaaible. 
property  protected  from  lr«t.  and  when  possible  arrsnied 
■O  as  to  be  readily  acceuihie  for  iospectLoo  and  repairs. 

Section   T.     Branch   Sail  and    Wmtt  EzUnnom.— 


tally,  horiionlally.  or  both,  ro 


onUl   b 


e  than  30  (t,  from  the  a 


[M^ll 


g 


line  should  be  continued  full  aiie  to  a  point  above  the  roof  In  the  same  manner  as  required  tor  main  aoil  pipn,  er 
amy  be  returned  to  main  vent  pipe  full  siie  (Fig.  3i). 

practicable,  conaistent  with  ita  location  and  effeetivenesa  (lee  various  fiKurn ). 

<l>)  Ont  or  Tav  Waltr-cloutt  or  Simiiar  Fizlurct. — Two  water-elowts  oa  the  same  Boor  disoharcilic  Into  a  T 
or  sanitary  Tee  cross,  or  one  closet  discharging  into  a  Y  branch  or  sanitary  Tee  need  not  be  back  ventad.  provldi^ 
that  the  developed  disUnoe  of  the  horUancal  atul  branch  citanded  with  a  grade  of  not  leM  than  H  in.  pet  ft  dow 
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not  exceed  the  inside  diameter  of  the  soil  branch  and  the  vertical  leg  between  the  horisontal  toil  branch  and  the 
trap  water  level  doee  not  exceed  2  ft.  (Fig.  25  and  Sect.  10  and  10c). 

(c)  Fixture*  other  than  Water-do^tU. — Two  fixtures  other  than  water-olotete  discharging  into  a  double  Y  or 
sanitary  Tee  cross  or  an  individual  fixture  other  than  water-closet  discharging  into  a  Y  branch  or  sanitary  Toe  need 
not  be  back  vented,  providing  the  total  fall  of  the  waste  pipe  between  the  water  level  of  the  trap  and  the  vent  pipe 
extended  at  a  grade  of  not  less  than  }i  in,  i^er  foot  does  not  exceed  the  inside  diameter  of  the  branch  waste  pipe 
(Fig.  26  and  Sect.  10  and  19c). 

(d)  Crown  Vent  Prohibited. — In  no  case  should  the  vent  be  taken  off  the  crown  of  the  trap  (Fig.  27). 
(«)   Whm  Deep  Seal  Resealing  Trape  of  the  Centrifuffol,  Sd/Soouring  Type  Mutt  be  Ueed. 

1.  When  a  common  trap  is  not  adequate  pro* 
teotion  against  sewer  air. 

2.  When  the  total  fall  of  the  soil  or  waste  pipe 
between  the  water  level  of  the  trap  and  the  point  of 
venting  exceeds  the  inside  diameter  of  the  waste  pipe, 
extended  at  a  grade  of  not  less  than  K  ii^*  V^'  ^^* 


-Abo¥9  roof 


Above  roof  ^ 


Fio.  30. — Method  of  installing  loop  vent. 


jf-Jiih  house  ctvfm        Mo  house  < 
Fzo.  31.-— Circuit  or  continuous  venting. 


3.  When  it  is  impracticable  to  vent,  a  deep  seal  resealing  trap  should  be  instaUed.  So  far  as  is  practical 
a  free  circulation  of  air  must  be  provided  (Figs.  28  and  29). 

(/)  \enie  Reconnected. — All  vents  should  be  run  separately  through  the  roof,  or  be  reconnected  at  least  8  in. 
below  the  roof,  or  be  reconnected  to  the  main  vent  pipe  not  less  than  3  ft.  above  the  highest  floor  on  which  fixtures 
are  placed.  No  fitting  for  future  waste  connections  should  be  placed  in  any  soil  or  waste  pipe  above  the  point 
of  re  vent  connection  (Fig.  22). 

(g)  Rearranging  of  Vent  and  RevenU. — Where  fixtures  are  afterward  installed  on  a  soil  or  waste  line  above  a 
point  where  the  vent  or  revents  enter  the  vent  or  vent  stack,  the  vent  and  revent  pipes  of  the  fixtures  already  in- 
stalled should  be  rearranged  to  conform  to  the  provisions  of  Section  8  (6). 


^fFIpe  or  kfrger 


orhrjer    ''-Thrps-- 
Fxo.  32. — ^Loop  vent. 


{h)  Vent  Pipe  Grades  and  Connedioru.-^hll  branch  vent  and  back  vent  pipes  should  be  free  from  drops  or 
and  shall  be  so  graded  and  connected  as  to  drip  bckck  to  the  soil  or  waste  pipe  by  gravity.     Whenever  it  beoomet 
necessary  to  trap  a  horizontal  vent  pipe,  an  approved  method  of  bleeding  should  be  employed  (Fig.  30). 

(t)  Fixtures  Parted  by  Wall. — Where  bath  rooms,  water-closets  or  other  fixtures  arc  located  on  opposite  sides 
of  a  wall  or  partition  in  the  same  building,  or  are  directly  adjacent  to  each  other  in  two  inseparable  buildings,  such 
fixtures  may  have  a  common  soil  or  waste  pipe  and  vent  pipe  stack. 

Section  9.  Continuous  or  Circuit  Vent  Inetallation. — Batteries  of  closets,  urinals,  sinks,  basins,  eto.,  may  be 
installed  by  the  continuous  or  circuit  vent  system.     Loops  and  circuit  vents  should  be  of  the  following  sises:  2  in. 
80 
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for  a  battery  of  two  eloseta,  3  in.  for  a  battery  of  five  closets,  4  in.  for  a  bcttery  of  nz  to  twehrs 
pinir^,  basin  or  similar  fixtures  the  loop  or  circuit  should  be  of  the  sise  i>rovided  for  in  TaUa  1 
ixMtallation  are  shown  in  Fli».  31,  82,  33,  and  34. 


ForviHli. 
Methodi  f or  s«rh 


Thnuof)  tOOn 


Soifsfack 
fntwgh  /vof 


t— itfj/  oonncftd  to 
main  siock  aixjitm 
hightstfixfm 


Yia,  33. — Individual  con- 
tinuous vent. 


Fio.  34. — Method  of  circuit  and  unit 
venting. 


Fxa.  35. — Method  of  cireoit 
and  unit  ventinc. 


NaU. — ^Experience  has  demonstrated  that  in  order  to  guard  effectively  against  trap  siphonage  and  back  prcs* 
sures  of  air  on  trap  scab  in  high  building*  or  in  other  structures  where  large  volumes  of  wastes  are  suddenly  dis- 
charged, it  is  essential  that  waste  and  vents  of  adequate  sixes  be  provided  and 
that  the  cross-sectional  area  of  the  main  vent  lines  be  equal  to  that  of  the  soil 

II  TV\      II  ^^  waste  lines. 

II  , .  Y^       ^___^  Section  10.  (a)   Unit  Vent. — ^Two  water-closets  located  on  the  tame  floor 

i    ■■    I    ~  11      ^"nfT^         discharging  into  a  double  Y  or  sanitary  T  cross  in  a  soil  or  waste  stack,  netd 
\\Q        yf       OU  not  be  back  vented,  provided  that  the  developed  distance  of  the  horisontal  soil 

pipe  branch  extended  with  a  grade  of  >4  in.  per  ft.  does  not  exceed  the  inridi 
diameter  of  the  soil  pipe  and  the  vertical  leg  between  the  horis<mtal  soil  pips 
branch  and  the  trap  water  level  does  not  exceed  2  ft. 

Two  fixtures,  other  than  water-closets  discharging  into  a  double  T  or 
sanitary  T  cross,  with  no  other  fixtures  discharging  above  them,  naay  be  ba^ 
vented  through  a  common  vent  or  back  vent  pipe  provided  the  total  faD  b^ 
tween  the  water  level  of  the  trap  and  vent  pipe  does  not  exceed  the  insids 
diameter  of  the  waste  pipe  extended  at  a  grade  of  ^i  in.  per  ft.  (Figs.  35  and  36 
and  Sect.  8  and  19e). 

(6)  Back  Vent*  not  Required. — Basement  or  cellar  floor  drains,  subsoil  trapl, 
elevator  catch  basins  and  similar  receptacles  need  not  be  back  vented  whoa 
branched  into  an  adequate  and  properly  ventilated  horizontal  house  drain  S 
ft.  or  more  from  the  base  of  a  soil  pipe  stack.  For  further  provisiona  on  tfaii 
subject,  see  "Floor  Drains  and  Fixture  Wastes." 

(c)  Protection  againet  Trap  Syphonagt. — Every  fixture  trap  ahoold  be  pR^ 
teeted  against  back  pressure  and  from  syphonage,  and  air  circniation  inaored 
where  necessary  by  a  vent  or  back  vent  pipe. 

{d)  Dead  End*. — All  dead  ends  in  pipes  should  be  avoided  in  the  installation  of  any  plumbing  ajratem. 


Fxa.  36. — Unit  vent  and  waste 
installation. 


More  stringent  back  venting  requirements  than  have  here  been  outlined  are  contained  in  aonia  phunUag 
oodes.     A  few  will  be  cited  as  examples: 

Trap  Baek-9ented. — "  Every  fixture  trap  shall  be  protected  from  siphonage  and  air  circulation  aasured  bj 
of  a  vent  or  back-vent  pipe.'* 

Vent§ — Lennthe  from  Trap. — "  The  back  vent  of  any  fixture  shall  be  as  close  to  the  trap  as  practiottbla 
ent  with  its  location  and  effectiveness.     The  developed  length  of  the  waste  pipe  of  any  fixture  from  its  tnp  to  tht 
vent  pipe  shall  not  exceed  24  in. 
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"  For  the  purpose  of  obtaining  a  direct  rising  vent  from  a  vertical  waste  line,  a  fixture  trap  immediately  under 
H  small  fixture  waste  shall  be  placed  not  more  than  24  in.  from  the  vortical  waste  and  vent  line,  measured  between 
the  center  of  the  waste  and  vent,  provided  that  the  point 'of  entry  into  the  vertical  waste  line  is  not  lower  than  the 
bend  of  the  trap.  For  water-cloeets,  pedestal  urinals,  and  trap  standard  slop  sinks  the  distance  allowed  between 
the  waste  opening  in  the  floor  or  wall  and  vent  or  back  vent  shall  not  be  more  than  24  in.  developed  length.'* 

Back  Venting— Water-cloaeta. — "Every  earthenware  fixture  with  trap  combined  shall  be  unprovided  with  a 
back  vent  horn. 

"  Every  water-closet,  pedestal  urinal  and  slop  sink  having  a  floor  connection  shall  be  back-vented  from  the  soil 
or  waste  branch  and  preferably  on  the  top  of  the  branch.  When  connected  with  the  vertical  arm  of  a  bend,  it 
shall  be  made  above  the  top  of  the  horisontal  branch. 

("This  vent  must  rise  at  an  angle  of  45  deg.  or  less  to  vertical,  to  6  in.  above  the  horisontal  branch.") 

Circuit  Loop  and  Continuous  Vents. — "  Every  branch  soil  or  waste  pipe  to  which  a  group  of  two  and  not  more 
than  eight  water-closets,  pedestal  urinals  or  trap  standards  slop  sinks  are  connected,  may  be  vented  by  a  cir- 
cuit or  loop  vent,  provided  such  horisontal  branch'  does  not  exceed  25  ft.  in  length  and  the  fixtures  are  within  the 
prescribed  24-in.  limit  from  the  branch  forming  the  circuit  vent.  Connections  from  such  branch  shall  be  taken 
from  Y  or  TY  branches.  The  vent  shall  be  taken  off  in  front  of  the  last  fixture  connection,  and  must  rise  at  an 
angle  of  45  deg.  to  vertical  to  a  point  6  in.  above  the  top  of  the  highest  fixture  before  offsetting  horizontally  or  con- 
necting to  the  branch,  main,  waste  or  soil  vent. 

"Where  fixtures  discharge  above  such  branch,  each  branch  shall  be  provided  with  a  relief  vent  one-half  the 
diameter  of  the  soil  or  waste  stack  taken  off  in  front  of  the  first  fixture  connection  and  rise  at  an  angle  of  45  deg. 
to  vertical  to  a  point  6  inches  above  the  highest  fixture  before  being  offset  horizontally  or  connecting  to  the  branch, 
main  waste  or  soil  vent. 

"  The  main  soil  or  waste  stack  shall  be  offset  at  every  fourth  story  containing  fixtures,  immediately  below  the 
branch,  soil,  or  waste  connection. 

"The  soil  and  waste  pipes  shall  conform  to  the  following  sizes: 

Sise  of  House  Drains,  Soil  and  Waste  Stacks,  Mains  and  Branches. — "Twenty  square  feet  of  roof  or  yard  area 
in  horisontal  projection  counts  as  one  fixture. 

"  Three  feet  of  urinal  trough  or  wash  sink  counts  as  one  fixture. 
"  One  bath,  basin,  sink  or  smaller  fixture  counts  as  one  fixture. 
*'  One  pedestal  urinal  or  slop  hopper  stnk  counts  as  two  fixtures. 
"  One  water-closet  counts  as  four  fixtures. 
"  Dimensions  given  refer  to  the  inside  diameter. 


"  Maximum  Numbeb  op  Fixtures  Connected  to 


Size  of  pipe 

Waste,  soil  and  waste  combined 

Soil  pipe  alone 

(inches) 

(fixtures) 

(water-closets) 

m 

1 

m 

3 

2 

8 

2H 

10 

3 

20 

2 

3H 

40 

2 

4 

64 

16 

5 

144 

36 

6 

288 

72 

7 

504 

126 

8 

840 

210 

9 

1160 

290 

10 

1600 

400 

11 

2120 

530 

12 

2840 

710 

"  Providing  that  the  number  of  water-closets  on  any  soil  pipe,  with  or  without  other  fixtures,  shall  never  exceed 
the  number  given  in  the  last  column. 

"  Where  it  is  impractical  to  use  4-in.  soil  pipe  for  water-closets,  3-in.  soil  pipe  may  be  used  for  vertical  stacks,  and 
shall  conform  with  the  number  of  fixtures  in  the  above  table.  If  earthenware  drains  or  sewers  are  used,  the  diameter 
of  the  pipe  shall  be  increased  one  size  over  the  above  table. 

"The  main  vent  pipe  shall  conform  to,  and  the  branch  vent  pipe  shall  be  one  full  size  larger  than  the  sizes  pre- 
scribed below: 

"Size  of  Vent  Pipe  Stacks. — The  following  table  gives  the  size  of  vent  pipes  and  the  maximum  number  of  fixtures 
that  they  shall  serve: 
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Sise  of  pipe 

Maziinum  developed 

Number  of  traps  in 

Number  of  traps 

Number  of 

(inches) 

length  in  feet 

IHorlev 

2  in. 

watar-doaets 

m 

15 

1  (IH  in.  trap) 

IH 

25 

3 

1 

2 

40 

12 

6 

3  or  lew 

2H 

60 

24 

12 

e 

3 

90 

48 

24 

12 

3H 

130 

100 

50 

25 

4 

180 

160 

80 

40 

5 

240 

210 

140 

70 

6 

330 

480 

240 

120 

"  For  5-in.  traps  and  over,  the  vent  shall  be  one-half  the  diameter  of  the  trap  except  as  prescribed  for  latrinss. 

*'  If  the  length  of  a  branch  or  main  vent  pipe  is  to  exceed  the  given  maximum,  the  above  diameter  must  be 
increased  to  the  tabulated  sise  opi>osite  the  length  required,  irrespective  of  the  number  of  traps  vented,  but  in  no 
case  shall  the  main  be  less  than  one-half  the  diameter  of  the  adjoining  soil  pipe." 


Section  11.  (a)  Grade  of  Horizontal  Pipe: — All  horisontal  drain,  soil  and  waste  pipes  should  be  run  in  prmctiesl 
alignment  and  at  the  uniform  grade  of  >4  in*  P^r  ft.  or  more;  but  in  no  case  should  the  grade  be  less  than  H  i^- 
per  ft.,  whether  under  cellar  floor  or  supported  by  piers,  posts,  wall  ledges  or  iron  hangers. 

(6)  Changes  in  Direction. — For  information  on  changes  in  direction  of  soil,  waste,  and  drain  pipes,  aee  Fig^ 
37, 38  and  39  and  Table  3. 

(e)  To  Increaee  or  Reduce  Sixe  of  Pipes. — Proper  fittings  of  sanitary  design  should  be  used  to  increase  or  rednoe 
sise  of  pipes.     (For  prohibited  fittings,  see  Sect.  16.) 

Section  It.  (a)  Hangers  and  Supports. — All  hangers,  pipe  supports  and  fixture  settings  in  or  against  maaonry. 
concrete  or  stone  backing  should  be  securely  made  with  expansion  bolts  or  other  approved  methods  without  the 
use  of  wood  plugs.  All  drainage  and  plumbing  pipes  should  be  rigidly  secured  and  supported  so  that  the  proper 
alignment  will  be  retained. 

(b)  Backgrounds. — Backgrounds,  except  under  special  conditions,  must  be  provided  for  the  securing  of  oloaets, 
tanks,  basins,  sinks,  brackets  and  all  other  wall  fixtures  or  hangings. 

(c)  Stack  Supports. — All  stacks  shall  be  thoroughly  supported  on  concrete,  masonry  piers,  or  foot  rests  at  their 
bases;  and  those  10  ft.  or  more  in  height  should  also  be  provided  with  floor  rests  or  other  substantial  supports  at 
10  ft.  or  floor  intervals.  All  pipe  supports  should  be  made  of  heavy  iron  poets,  wall  hangers  or  brackets,  steel 
fittings,  or  concrete  or  masonry  piers.     All  brick  piers  should  be  at  least  8  in.  square  and  laid  up  with  cement  mortar. 

Quality  and  Weight  of  Materials 

Section  IS.  Vitrified  Pipe. — AH  vitrified  pipe  and  fittings  should  be  first  quality  vitrified  clay  pipe,  sound  and 
well  burned  throughout  their  thickness,  with  well-glased  smooth  exterior  and  interior  surfaces,  free  from  cracks, 
flaws,  blisters,  fire  checks  and  all  other  imperfections  which  would  impair  their  value. 

Section  14.  (a)  Cast-iron  Pipe. — All  cast-iron  pipe  fittings  should  be  made  of  close-grained  gray  iron,  ductile 
and  readily  cut  with  file  or  chisel,  smooth  on  the  inside,  free  from  flaws,  sand  holes  or  other  defects,  and  of  a  uniform 
thickness.     Such  pipes  and  fittings  should  not  be  lighter  than  the  commercial  grade  known  as  "  Standard." 

Note. — On  account  of  its  greater  durability  and  ease  of  installation,  it  is  recommended  that  "extra  heavy'* 
cast-iron  pipe  be  used  in  all  plumbing  sjrstems. 

(6)  Weights  of  Cast-iron  Pipes. — All  cast-iron  pipe,  including  hubs,  should  weigh  not  less  than  the  weights  per 
foot  given  in  Table  2. 

Tablb  2 


Diameter 
(inches) 

Standard  weight  per  foot 

Extra  heavy  weight  per  foot 
(pounds) 

2 

3H 

5.Vi 

3 

4H 

9H 

4 

6>< 

13 

5 

SH 

17 

6 

lOH 

20 

7 

«  •  •  • 

27 

8 

•  •  •  • 

33H 

(c)  Coating  for  Cast-iron  Pipe  and  Fittings. — All  pipe  and  fittings  should  be  coated  with  asphaltum  or  coal 
pitch.     Both  pipe  and  coating  should  be  heated  to  a  temperature  of  300  deg.  F.  before  the  castings  are  dipped. 
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Table!  3. — Showing  Minimum  Radius  op  Cabt-ibon  Soil  Pipe  FrmNOB  Pebmittbd  When 

Change  of  Dibection  is  Made 


(.Case  A)  When  direction  of  flow  changes  from  horisontal  to  vertical: 

Si«e  of  pipe  (inches) 

2 

3 

4 

5 

6 

Minimum  radius  (inches) 

3 

ZH 

4 

4H 

6 

(Uase  B)  When  direction  of  flow  chjmces  from  vertical  to  horisont»l: 

Siaes  of  dIdc  (inches) 

2 

8 

4 

5 

6 

Minimum  radius  (inches) 

3 

3H 

4 

4H 

5 

(Case  C)  When  direction  of  flow  is  at  right  anglee  and  changes  from  horisontal  to  horisontal: 


Sise  of  pipe  (inches) 

2 

3 

4     • 

5 

6 

Minimum  radius  (inches) 

6 

5H 

6 

6H 

7 

Note. — A  combination  Y  and  H  bend  or  Y  and  H  bend  is  recommended.  When  a  inpe  of  smaller  diameter 
enters  a  pipe  of  greater  diameter,  a  fitting  with  a  minimum  radius  as  shown  under  Case  A  may  be  used. 

When  sanitary  T's  or  wiped  branches  are  used  in  change  of  direction  they  should  be  so  arranged  that  the  flow 
from  other  fixtures  will  serve  as  a  wash. 

For  method  of  determining  radius,  see  Figs.  38  and  39. 

Section  15.  (a)  Wrought  Iron  Pip: — All  wrought-iron  pipe  or  steel  pipe,  known  to  the  trade  as  merchant  or 
full  weight  pipe,  used  for  soil,  waste  or  vent  pipes,  should  be  galvanised  and  not  lighter  than  shown  in  the  fcdlowing 
chart: 

NUe. — Galvanised  wrought  iron  is  highly  recommended  owing  to  its  superior  lasting  qualities. 


Table  4 

Diameter 

Weight  per  lineal  foot 

(inches) 

(pounds) 

IH 

2.73 

2 

3.68 

2H 

5.82 

3 

7.62 

3H 

9.20 

4 

10.89 

4H 

12.64 

5 

14.86 

6 

19.18 

7 

23.77 

8 

25.00 

(a)  Screw  Thread  Fittingt. — Threaded  fittings  for  vents  and  back  vents  shall  be  malleable,  oast  iron,  or  brass. 

AH  screw  thread  fittings  used  for  soil  and  waste  pipes  should  be  of  the  recessed,  drainage  fitting  pattern;  and 
the  same  rules  for  change  of  direction  given  in  Tables  3  and  6  will  apply.  All  iron  screw  thread  fittings  for  soil, 
waste  or  vent  pipes  should  be  galvanised  or  asphaltum  coated. 


Table  6. — Showing  the  Minimum  Length  op  Face  to  Centeb  op  Dbainage  FrmNos 

(Case  A)  When  direction  of  flow  changes  from  horisontal  to  vertical: 


Sise  of  pipe  (inches) 

IK 

IH 

2 

2H 

3 

4 

5 

6 

Distance  from  face  to  center  (A). 
Fig.  16  (inches) 

m 

2Me 

2H 

2iMe 

3Me 

3»Me 

4H 

5Ms 
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(Caae  B)  When  direotion  of  flow  changes  from  yertioal  to  horisontal: 

Sise  of  Dioe  finches) 

IH 

IH 

2 

2H 

3 

4 

5 

6 

Distance  from  face  to  center  (A),  Fig. 
37  finches) 

2K 

2H 

3Hs 

3»He 

4K 

6Hi 

6H 

7H 

(Case   C)    When  direotion  of  flow  changes  from  horisontal  to  horisontal,  use  same  distance  from  faee  to 
center  as  in  Case  B. 

Note. — Long  turn  Y  branches  or  Y  and  H  bend  are  recommended. 


Section  IC.    Prohibited  Fitting*. — Sanitary  Tees  of  short  radius  should  not  be  used  except  in  connected 
Bontal  to  vertical  soil  or  waste  pipes  in  which  the  flow  is  toward  the  vertical  line.    The  use  of  one^onrth  bendb  or 
elbows  in  soil  or  waste  pipes  is  governed  by  Tables  3  and  5,  and  Figs.  38  and  39. 

One-fourth  bends  with  side  or  heel  outlets,  except  when  they  are  made  with  Y  or  sanitary  T  branohea,  and  sD 
double  hub  fittings,  double  Tees  and  double  sanitary  Tees  when  used  horisontally  are  prohibited,  except  whca 
smaller  pipes  discharge  into  a  large  pipe.  Double  hubs  and  double  hub  fittings  may  be  used  on  rain  water  leader 
and  vent  lines.  Ofi'sets  having  less  than  one-fifth  pitch  should  not  be  permitted.  The  use  of  a  drive  ferrule  is 
prohibited,  and  the  use  of  combination  lead  ferrules  should  be  permitted  only  when  the  calk  joint  can  be  made  ia 
the  upright  position.     All  wa^te  and  vent  pipes  should  enter  soil  pipe  by  means  of  properly  inserted  fittings. 


% 


k-^a-H 


Flo.  37. 


^^ 


Minmm  radius  itrdbotf  ors/mUr 
fytfun  connecfkjn  baiab 

Fxo.  88. 


mfh  MnsforMf^jermdwifha 
Fia.  89. 


The  drilling  and  tapping  of  soil,  vent  and  waste  pipes  and  house  drains  to  receive  waste  and  vent  |upea  of  any 
description  generally  is  strictly  prohibited,  and  in  no  case  is  the  use  of  saddles  or  bands  permitted,  without  permie- 
sion  from  the  plumbing  inspector. 

Note. — All  such  saddles  must  be  of  efficient  design  and  construction. 

Whenever  horisontal  wrought  or  galvanised  iron  pipe  connects  with  cast-iron  soil,  waste  or  vent  inpee,  tapped 
fittings  or  tap  extension  pieces  should  be  used  wherever  practicable.  No  double  hub  or  inverted  calk  joint  should 
be  permitted  in  soil  and  waste  lines. 

Section  17.  Lecid  Pipe  Bends  and  Traps,  Weight  of. — All  pipe  used  for  branch  soil,  waste,  vent  or  flush  pipes, 
including  bends  and  traps,  should  be  the  best  quality  of  drawn  lead  pipe,  of  not  less  weight  per  lineal  foot  *^f^^ 
shown  in  Table  6. 

Tablb  6 

Inside  diameter  •«»-  •  ua         «     a 

..     ,     .  Weight  per  foot 

(inches) 

1 2  lb.  0  OS. 

IK 2  lb.  8  OB. 

IH 3  lb.  8  OB. 

2 4  lb.  0  OS. 

3 6  lb.  0  OS. 

4 8  lb.  0  OS. 


Section  18.  Brass  Pipe,  Fittings^  Tubing  and  Catting. — All  brass  pipe  used  for  soil,  waste  and  vents,  ezeept 
fixtures,  traps  and  overflows,  should  be  of  commercial  iron  pipe  gage. 

All  brass  fittings  for  soil,  waste  or  vent  pipes  should  be  of  a  good  quality  of  cast  brass,  having  a  thiekneH  eor- 
responding  to  brass  pipe  of  the  same  diameter.  The  thickness  of  threaded  ends  must  be  equal  to  the  thiekness 
of  the  corresponding  pipe  sise  at  the  root  of  the  thread. 

All  brass  tubing  used  for  fixtures,  traps  and  overflows  between  wall  or  floor  and  fixtures  should  be  of  a  good 
quality  of  brass  and  of  a  thickness  at  least  equal  to  No.  18  Brown  A  Sharp  gage. 

All  brass  fittings  used  for  fixtures,  traps  and  overflows  should  be  of  a  good  quality  of  brass,  free  from  sand 
holes,  flaws  or  other  defects,  and  of  a  uniform  thickness  equal  to  twice  the  thickness  of  the  brass  tubing.  The 
thickness  of  the  threaded  ends  should  be  equal  to  the  thickness  of  the  fitting  at  the  root  of  the  thread. 

Soldering  nipples  should  be  of  heavy  cast  brass,  or  of  brass  pipe  of  iron  weight,  thickness  and  sise.  When  oast 
they  should  be  of  full  bore  and  of  not  less  than  the  weights  given  in  the  following  table: 
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Weights 


Table  7 

Inside  diameter 
(inches) 

2 

2H 
3 

4 

Brass  ferrules  should  be  of  a  good  quality  of  brass,  composed  of  a  mixture  that  will  fuse  readily  with  plumber's 
solder,  free  from  sand  holes,  flaws  or  other  defects,  imiform  in  thickness,  and  at  least  4H  i°«  long,  of  a  sise  and 
weight  as  per  Table  8 


01b. 

6  OS. 

01b. 

8  OS. 

Olb. 

14  OS. 

lib. 

6  OS. 

2  1b. 

6  OS. 

3  1b. 

8  OS. 

Table  8 


Inside  diameter 
(inches) 

IH 
2 

3 
4 
6 
6 


Weights 


lib. 

1  OS 

lib. 

4  OS 

lib. 

14  OS 

2  1b. 

80s 

3  1b. 

0  OB 

31b. 

80s 

TmpC  and  Clean-onta 


Section  If.  (a)  Traps. — Each  fixture,  except  those  wasting  as  described  in  this  section,  should  be  separately 
trapped  by  a  water  seal  trap,  placed  as  close  to  the  fixture  as  possible. 

Every  trap  should  be  self-cleaning.  No  form  of  trap  should  be  used  which  depends  upon  the  action  of  moT- 
able  parts  for  its  seal.  Nor  should  a  trap  be  used  which  depends  upon  concealed  interior  partitions  for  its  seal, 
unless  such  interior  partitions  are  made  of  indestructible  material.  No  trap  should  be  \ised  which  in  case  of  de- 
fect would  allow  the  iMUMage  of  sewer  air.  Grease  traps  with  integral  cast  partitions  of  indestructible  material 
may  be  \ised.  Drum  traps  or  their  equivalent  should  be  used  whenever  practicable  under  all  bath  tubs  and  shower 
baths. 

Traps  for  bath  tubs,  basins,  sinks  or  other  similar  fixtures  should  be  made  of  lead,  brass  or  iron.  (For  depth  of 
trap  seals  see  Table  9  and  for  sise  see  Table  1.)  Each  trap  should  have  a  water  seal  of  not  less  than  2  in.  Laundry 
trajrs,  wash  tubs,  or  similar  fixtures  may  waste  into  a  single  trap.  The  outlet  waste  pipe  and  trap  of  three  oir  four 
compartments  should  be  at  least  2  in.  in  diameter. 


Table  9. — Depth 

OF  Seal 

FOR  Common  Traps 

Sise  of  trap  (inches) 

IH 

IH 

2 

3 

4 

5 

6 

Depth  of  seal  (inches) 

2 

2 

2 

2H 

2H 

2H 

2H 

Depth  of  Seal  for  Deep  Seal  Traps 


Sise  of  trap  (inches) 

IH 

IH 

2 

3 

4 

5 

6 

Deoth  of  seal  (inches)-- 

4 

4 

4 

5 

5 

5 

5 

^fntSn  ynm 


(6)  Trap  CUan-ouU. — All  traps  placed  between  a  floor  and  a  ceiling,  or  in  any 
other  accessible  place,  should  have  a  brass  screw  olean-out  flash  with  the  floor  or  ac- 
cessible from  under  the  floor. 

All  traps  used  in  combination  with  fixtures  which  are  readily  accessible  and 
removable  need  not  be  provided  with  a  brass  screw  clean-out  plug. 

(c)  Setting  of  Traps. — All  traps  should  be  rigidly  supported  and  set  true  with 
respect  to  their  water  level,  and  be  so  located  as  to  protect  their  seals.  All  that 
portion  of  the  waste  pipe  of  P  trap  extending  to  the  point  of  venting  is  to  be 
considered  as  a  part  of  the  trap,  and  the  total  fall  between  water  level  of  the  trap 
and  vent  should  not  exceed  the  inside  diameter  of  the  waste  pipe  (see  Figs.  26, 27, 28, 
and  40,  and  Sect.  S  and  10). 

(d)  Traps —  Where  Prohibiisd. — Traps  should  not  be  plaeed  at  the  foot  of  soil  or        „         ^ Method  of  con- 
waste  pipe  stacks,  except  where  such  a  drain  or  sewer  is  used  exclusively  for  conduct-     nectiuc  b«A.\sL^  ^tk!v««c^x  '•s^^ 
ing  rain  water  or  surface  water  to  a  house  drain  or  sewer.                                                    iginfflwt  ^"A^ax^*. 
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>vided  with  tr»p*.  u 


ore  nUn  wstw  leMtan,  providlni  as 
ouried  up  to  tlia  root  of  k  IniUdiac  tkif 
D  13  rt.  ol  any  door,  windoir,  rmtlh 
a  heod  of  the  main  houM  trnp  an  street  aide  ahould  be  prondid 


IP  PrAibittd.—lD  no  < 


(t;1  Ottrflcv  Connecliof 


im  a  bath  tub  01 
•B  the  Inlet  aide 


enten  buildisi.     This 

the  roof  terminmli  of  aoil  and  vent  Dtacka  ars  faTvablr 
1,  when  plumbinf  is  free  from  defeote,  fixture  tn^ 
properly  protected  from  aipbonace.  and  the  inatallation  madl 
In  a  durable  and  approved  nanilaiT  tnanDer;  (2)  in  aew 
aewerace  diatricta  or  diatricta  practically  free  from  maia 
traps;  and  (3)  with  certain  limitatioiu,  in  aewermce  diatricta 
where  eidatinf  house  draioa  are  equipped  with  main  trap. 

When  main  traps  are  used  they  muat  be  provided  witb  a 
freah  air  inlet  on  the  house  aide  of  the  trap  (Ft^.  20aiid4n. 

(fc)  FTuh  Air  InltU  Wturt  Main  HtuM  TVapi  Are  Und.~ 

2  ft.  from  the  water  seal  of  the  main  tiap.  The  inlet  whsn 
eipoaed  ahould  be  covered  witb  a  eubetantial  freah  air  cap  or 
Tetum  bend.  When  located  under  aporeb.atreeelreiilaliDB 
of  air  must  be  provided, 

(e)  Locatim  d/.— No  freab  air  inlet  ahould  be  to  placed 


from  the  > 


it  be  ope 


It  lea 


Fio.  11  — House  trap  and  fresh 


ahould  be  provided  with  a  back  vent  pipe  or  freeh  t 
Section  n.     (o)  Clran-ouii.— Where  main  ho 

band  hole  oI  trap  to  a  point  2  in.  above  the  surl 

ahould  be  St  Inat  4  in.  in  diameter  (Figs.  SOand  41] 
All  additional  clran-outa  for  main  house  drain 

aurfaeeof  thefiniahed  floor  or  grade. 

All  other  clean-oulB  should  be  of  adequate  aisi 

they  were  intended,  and  all  elean-outa  shoijd  be 


from  any  door,  window,  or  other  air  iniake. 

Section  IL  Batk  Fltw  Valtti. — Drain  pipea  from  fii- 
tujea  should  be  provided  with  adequate  backwater  valuta 
when  subject  to  back  flow  or  backwater  from  aewa.  8neh 
backwater  valvea  ahould  be  so  placed  aa  not  to  intertera  wttk 
the  flow  or  discharge  of  any  conductor  or  rain  water  leaijtr 
or  other  Hiture,  and  be  readily  aocnaible  tor  cleaning,  and 
inlet  so  arranged  aa  to  avoid  a  dead  end. 

le  traps  are  installed,  caat-iron  pipe  should  be  eitaoded  from 
w  of  finished  Boor  or  grade.     All  clcan-ouli  in  house  draiaa 

hould  be  extended  where  practicable  to  a  point  2  in,  above  the 


H  in.  thick 


ttruction  of  Clfon-sulj. — Whei 
snd  provided  with  standard  p 
if  brass  should  b«  at  leaat  ii  , 


aoUd  braaa  s< 
DC  thread  and 
1.  in  thickness 


luia  are  used,  thpy  should  be  at  least 
headatleast»iin.hiih.  Theferrule 
ron  the  same  ociEhl  per  foot  aa  eitia 


that  all  parte  of  waate  m 


aD-outs  should  be  provided  fe 


«  give  tb 


The; 


uide  by  d: 


(*)  VOrifled  and  Irm  Ptp«.— Undergrou 
lOve  required  for  vitrified  pipe. 

t  in  pUce, 


Is  between  vitrified  and  iron  ] 


faced.     No  paint,  varnish  oi 


[lolten  lead  well  calked,  r 


1  leaa  than  1  in,  deep. 


have  been  teeted. 

(d)  Wrouglit  Iron  and  Bratt. — Joints  in  galvanised  iron  or  brass  pi 
but*  or  cutting  should  be  removed.  All  screw  Joints  shauU  be  made  wi 
and  vainiah  or  other  approved  oompounda. 
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(s)  WroMtU  ban  at  Brtu  and  Catl  /ivn,— Connectiou  between  wroiisht  iion  or  bna  ud  cut  iron  ibould  ba 
bet  X  calked  joint  or  ■  ■ereir  jidnt. 

Tbe  following  Uble  ■have  tbe  number  ol  tlireod*  per  in«b  on  atudud  wroucbt  iron  or  full  waixht  «tMl  pipe: 


(/)  JninU  in  Ltad  Pi^. — 
joiota  nwpt  (oldrr  bnied  or 
lewl  trspe  sbown  in  FI9  27  and  12. 

(ff)  Wnualtt'lriM  Pipt  Ci 


with  >  calked  joint,  •  aoldarina  nipple  or  tluiwlsd  joint.  Wroucht-iran  pipe  connection*  ahould  ba  made  witb  a 
right  and  left  coupliog.  Banged  union  witb  durable  luket,  a  ground  faced  union  or  an  eiCia  beary  running  thrcd 
with  lock  nut  mode  tight  with  wicking  and  red  or  white  lead,  and  be  aaphaltum  coaled  upon  completkm.  All 
union*  u*ed  on  the  aewei  aide  of  tiapa  ahould  be  ground  faced.  No  ilip-Joint  connection  ahould  be  allowed  on  the 
■ewer  aide  of  the  trap  (Fig.  42). 

fiadion  M,  (a)  Aoo/  Joinit. — The  Joint  at  the  roof  ahould  be  made  water-tight  by  the  uae  of  proper  abet t 
copper  or  lead  plats  (Figa.  21, 43, 44  and  *6). 

(fr)  Rnof  Flatkine, — Sheet  lead  for  roof  Baahing  (hould  weigh  not  laa  than  3  lb.  per  aq.  ft.  and  ahould  aitand 
Dot  lea*  than  S  in.  from  tb*  pipe.     Other  flaahinga  of  aubatanlial  material  are  permitted. 


Fio.  46.— Roof 


HoU. — Roof  Baahinga  of  durable  material  dcaigned  ftnd  conatnicted  ao  that  an  adequate  air  apwie  b  provided 
between  the  pipe  and  flaabing  are  recommended.  The  term  "aubatantiai  material"  aa  need  in  tbii  aectkm  to 
intended  to  mean  3  lb.  sheet  lead,  or  copper,  braaa  or  galvaniied  von  of  adequate  weight  and  sanatrtietian. 

Section  U.  AartAenwon  with  Mttal  Floor  Conntetuiu.— Tbe  eonneetioni  between  loil  pip*  and  flitnrea  with 
combined  earthenware,  vitreou*  china  or  enameled  iron  mar  be  nude  with  a  eoUd  braM  Boor  plate,  not  Itaa  than 
K*  in.  thick,  aoldered,  aorewed  nt  oaUnd  l«  bond  or  pipa.  taoi 
<«g.  40). 
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Joints  should  be  made  air-tight  with  an  adequate  asbestos  graphite  ring  or  asbestos  gasket  waabcr.  To  is* 
sure  the  tightness  of  this  joint  a  paste  of  red  or  white  lead  or  other  equal  compound  of  the  eonaiatency  of  pnttr* 
should  be  used.  Add  sufficient  putty  or  whiting  to  the  red  lead  to  make  the  proper  mixture  (Fis.  47).  VarioH 
patented  joints  of  approved  make  are  usually  permissible. 

Section  Sft.  Water  and  Air-light  Jointa. — All  joints  and  connections  mentioned  under  this  title  ahoold  bi 
of  substantial  construction  and  be  made  water-tight  and  air-tight. 

Section  S7.  Connections  to  Lead  Cloaet  or  Similar  Bend. — It  is  recommended  that  no  waste  pipes  conTSTiag 
hot  water  be  branched  into  lead  bends  receiving  the  discharge  of  water-closets  or  other  similar  fixturea.  execft 

that  for  economical  and  practical  installation  reasons   it  may  be 
^..'^teflssAv         permitted  in  cases  where  new  fixtures  are  added  to  old  inataUatioai 
l^*****       (Pig.  46). 


Sokhrjotrji 


/iron 


Surface  and  Rain  Water  Connections 

Section  18.  (a)  Rain  Water  Leader*  Not  to  ConnMi  to  fiomCsry 
Setoer. — Roof  leaders  or  down-epout  wastes  and  surface  and  groond 
water  drains  should  be  connected  wherever  possible  with  a  storm 
sewer;  but  they  should  not  be  connected  to  house  sewers  which  dis- 
charge into  sanitary  sewers. 

(6)  Inside  Leaders. — All  roof  leaders,  when  placed  within  the 
walls  of  any  building,  in  an  interior  court,  or  in  a  ventilatinc  or  pips 
Fig.  47. — Methods  of  making  earthenware    shaft*  should  be  made  and  placed  as  s];>ecified  for  soil,  waste  and 
to  metal  floor  connection.  vent  pipes. 

(c)  Connections  with  Rain  Water  Leaders — When  ProhibiUd.— 
Rain  water  leaders  should  not  be  used  as  soil,  waste  or  vent  pipes;  nor  should  any  soil,  waste  or  vent  pipes  be 
iised  as  rain  water  leaders. 

(d)  Defective  Rain  Water  Leaders. — When  an  existing  rain  water  leader  within  the  walls  of  any  building  beeomes 
defective,  such  leader  should  be  replaced  by  one  which  conforms  to  the  sanitary  requirements. 

ie)  Rain  Water  Leaders  When  Connected  to  Drains. — When  rain  water  leaders  are  connected  to  house  cUains 
within  the  building,  the  horisontal  part  extending  2  ft.  inside  the  basement  wall  and  the  vertical  portion  outside 
the  building  \.  ..11  should  terminate  with  the  hub  at  grade  line,  and  should  be  made  of  cast  iron  of  same  weight  and 
durability  as  provided  for  house  drains  (see  Fig.  48). 

(/)  Roof  Terminal  Connections. — Connections  between  gutters,  troughs,  roof  areas  and  rain  water  leadcfs 
inside  the  building  should  be  made  of  durable  material  (see  Section  lOe).  Note. — The  term  "dxirable"  material 
as  iised  in  this  section  means  a  brass  ferrule,  a  brass  soldering 
nipple,  extra  light  lead  pipe,  12  os.  copper.  No.  18  gage  brass  or 
cast  iron  receivers  properly  connected  with  calk  or  screw  joint, 
or  the  equivalent  of  any  of  those  mentioned  above. 

(g)  Rain  Water  Drains  to  Curb. — Where  no  sewer  is  accessi- 
ble, or  where  rain  water  is  prohibited  from  entering  the  sanitary 
sewer,  surface  inlets  and  rain  water  conductors  should  be  drained 
separately  to  the  curb  line  where  practicable  by  drain  pipes  not 
less  than  4  in.  in  diameter,  and  discharged  into  the  public  gutter, 
unless  permitted  to  drain  elsewhere. 


OUIIflf  tMMnJt-, 


Hifhod  oT  Ndldng  m  Ocy  ppi  Joints 


Morvwr  of  Moin  Houss  lixp  livluNuttan 


1  fVdkM  btf>^  Wmt 


Miscellaneous  Pro\igioiit 

Section  S9.  Three-inch  Soil  Stack. — Where  a  3-in.  soil  pipe 
stack  is  in  place,  or  where  it  is  wholly  impracticable  to  use  a  4-in. 
soil  pipe  for  water-closets,  a  3-in.  soil  pipe  may  be  used  for 
vertical  stacks  which  should  conform  in  construction  with  Fig. 
49.  also  Table  1. 

Section  SO.  Rural  Residence.  JnctoUolion.— -Where  plumb- 
ing is  to  bo  installed  in  a  small  rural  residence  with  main  sewer 
draining  into  a  residential  septic  tank,  it  may  be  done  in  accord- 
ance with  Figs.  29  and  60.  The  piping  must,  however,  be  so  de- 
signed that  every  fixture  trap  is  protected  from  siphonage,  and  ^jEHffZSr 
air  circulation  assured  by  means  of  a  fresh  air  inlet  on  main  drain 
and  a  vent  where  necessary.  Fio.  48. — Methods   in  connection  with  the 

Section  81.     Hot    Water  and   SUam  Wastes.^All  exhaust,        i»»^»*tio°  o^  ^i^"fi«J  ^^^V  ^^^  dimins. 
blow-off,  sediment  or  drip  pipe  connections  from  a  steam  boiler 

or  any  other  hot  water  discharge  should  not  be  connected  to  any  house  sewer  or  drain  without 'first  being 
cooled  below  a  temperature  of  140  deg.  F.  in  a  suitable  tank,  catch  basin  or  other  cooling  device;  when 
such  installation  must  be  provided  with  an  adequate  local  vent  or  relief  pipe,  extending  to  the  outer  air 

Note. — The  capacity  of  the  catch  basin  or  other  cooling  device  and  the  relief  pipe  depends  upon  the  steam 
sure  carried,  sise  of  the  boiler,  and  volume  discharged. 

Section  SI.    Terminals. — The  roof  terminals  of  all  vent  pipes  should  be  extended  at  least  3  ft.  above  any. 
dooTf  window,  scuttle,  air  shaft  or  other  opening  used  for  ventilation  when  located  at  a  distance  less  than  18  ti. 
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Tom  nucfa  UrniiiuJ  (Fi«a-  23  sod  23).     Whea 
>ipa  mocc  than  3  ft.  mbove  the  roof,  tfaey  *hould  hare  to  sd 
Whenever  ■  new  buildias  ia  ercnted  hiihet  than  an  adjai 
ihould  not  loesle  nindom  wiihiii   12  ft.  of  an  eiiatinc 
'ent  Btaek  on  the  lower  buildinc.  uoleoa  the  owner  of 
lucb  new  buildioi  defrays  the  eipenna  or  tomkea,  himaell, 
he  altcratiooa  neomary  to  eoDform  with  thia  taqulre- 


I  extend  the  roof 


WatI 


Piptl    for 


I    Tan*.,— The 


piDf.    litbagraphiDi 


y  lead  pipe,  or  lead-lined  ir 


7e  of  adequate  dura.- 
y  be  of  Titrified  clay  when 
e  the  buildmg,  or  when  servina  (rjthln  tha 
local  conveyor  between  acid  Unk.  dilution 


Sectioo  M.       (a)  Gri. 

u.  rofcA  fion'M.— All  (reaa* 

cnub  baaiM  should  be  co 

uliueled  in  a  water-tight  aDd 

ubetantial  manntr  of  br 

vitnfii^d  Flay  pipe.     The  a 

utlet  afaould  be  provided  with 

rerted    i 


hould  b 


ould  be  placed  in  the  wall 
he  biain  pot  leu  than  2  tt.  B  in.  Above  the  bottflin. 

baain  ahould  haTe  an  air-tight  atone,  oement  or 
-iroQ  cover.  Fin.  49.— Method  of  iDSlalUng  eloMla  on  3-iii.  p 

(b)  Where  Uied. — Grease  catch  basina  of  adequate 

icity  are  usually  requiied  wherever  kitchen  or  other  greasy  waata  from  hotels,  leatauianls,  club  h 
lie  institutions  or  similar  place*  are  diseharced  into  the  sewer.  Id  many  localities  gnase  cateh  basins 
micted  from  the  plumbing  system  of  a  private  rtaideoee. 


WoO.— Grease  traps  of  th( 
capacity  usually  are  permitted 

(c)  Whirl  LocaUd. — When 
building,  and  —  aeai  as  pcwbl 
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monts,  with  kir-ticht  iron  cotct.    < 

r«t«  to  whieb  oova  nuiy  be  baited  (Pit.  Al) 

k  yard  Mtoli  buin  ihouU  be  ixuiatiuctiid  in 

that  tbey  should  ba  lA  leut  30  in.  in  diwni 
«  St  Irut  4  ft.  below  the  nufue  of  the  Bround.     The 
trainer  flush  with  the  surrounding  ground, 
.nstalled  to  reoeive  aurfece  dnirwfle  or  discherce  from  pump,  yard,  hydtmBt 

When  liquid  wwUe  from  baina, 


[SM.H) 

^ooereta  mtali  bMlea  ahorid 

the  aaiQC  geneiKl  muu 
tflr,  and  in  cfild  isliiKistg 
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Fig.  56. — Recommended  methods  of  connecting  soda  fountain  wastes. 


Fio.  57. — Methods  of  connecting  refrigerator  wastes. 
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Pio.  59. — Dental  ctupidor  installation. 
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Note. — For  public  buildings,  the  bowl  should  be  of  the  heavy  pattern,  large  throatway,  of  siphonic  action 
type. 

{h)  Froat-proof  Clo9et»t  When  Permitted. — Froet-proof  closets  should  be  installed  only  in  compartments  which 
have  no  direct  connection  with  any  building  used  for  human  habitation.  The  soil  pipe  between  the  hopper  and 
the  trap  must  be  of  cast  iron,  4  in.  in  diameter,  and  free  from  offsets.  This  tsrpe  of  closet  should  be  used  only  in 
buildings  subject  to  extreme  frost  conditions.  When  frost-proof  closets  are  installed,  the  bowl  must  be  of  vitreous 
chinaware  or  iron  enameled  inside  and  outside,  of  the  flush  rim  pattern,  provided  with  an  adequate  tank,  and 
automatically  drained  to  gxiard  the  fixtures  and  piping  against  frost. 

Note. — The  installation  and  use  of  the  above  type  of  fixture  should  be  discouraged  as  much  as  possible.  Under 
the  most  favorable  conditions  little  can  be  said  for  this  closet  from  a  practical  and  sanitary  standpoint. 

Section  ft.  UrineUe. — Urinals  should  be  made  of  material  impervious  to  moisture,  and  of  such  design,  mate- 
rials and  construction  that  they  may  be  prop<>rly  flushed  and  kept  in  a  sanitary  condition.  If  cast  iron  is  used  in 
the  construction  of  urinals,  it  must  be  enameled  on  the  inside  of  the  trough  or  bowl  and  coated  with  a  dxirable 
paint  or  enameled  on  the  outside.  Trough  and  lip  urinals  should  have  a  floor  drain  placed  below  the  urinal  and 
the  floor  should  be  graded  toward  the  drain. 

Note. — Individual  urinals  rising  from  the  floor,  with  the  floor  pitched  toward  the  urinal,  made  of  porcelain  or 
vitreous  chinaware,  and  equipped  with  an  effective  automatic,  or  equivalent,  flushing  device  and  adequate  local 
vent,  are  recommended. 

Section  58.  Bath  tiibe.  Sinks  and  Laundry  Tube. — Bath  tubs  should  be  made  of  earthern  ware,  vitreous  china- 
ware,  enameled  iron  ware  or  other  impervious  material.  Sinks  and  laundry  tubs  may  be  made  of  other  materials 
where  conditions  make  it  necessary.     They  should  be  equipped  with  adequate  traps  and  sanitary  waste  stoppers. 

(a)  Flush  Tanks. — All  flush  tanks  or  flushometer  valves  should  have  a  flushing  capacity  of  not  less  than  3  gal. 
for  water-closets  and  not  less  than  one  gallon  for  urinals,  and  be  so  installed  that  they  are  protected  against  frost, 
tampering,  etc. 

(6)  Drinking  Water. — Sjrstems  and  installations  supplsring  drinking  water  shall  be  of  dxirable  material  and  so 
constructed  and  installed  that  pollution  or  contamination  b  not  reasonably  possible. 

(c)  WiUer  Supply  to  Fixtures. — All  water-closets,  urinals  or  other  plumbing  fixtures  should  be  provided  with  a 
sufficient  supply  of  water  for  flushing  them  in  a  sanitary  manner. 

(d)  Capacity  for  Flushing. — All  sjrstems,  installations  and  pipes  supplying  water  for  the  flushing  of  closets, 
urinals  or  similar  fixtures  shall  be  of  sufficient  capacity  and  sise  to  provide  adequate  volume  and  pressure. 

(e)  Contamination  from  Fixture  Connection. — The  water  supply  to  any  fixture  shall  be  so  placed  as  reasonably 
to  preclude  the  possibility  of  the  contents  of  such  fixtures  being  syphoned  or  drained  into  the  water  supply  pipes. 

Section  64.  Location  of  Fixtures. — Toilet  rooms  and  bathrooms  should  have  at  least  one  outside  window  or  be 
provided  with  local  vent  pipes  or  air  shafts  so  as  to  insure  at  least  four  changes  of  air  per  hour.  Local  vents  or  air 
shafts  for  toilet  rooms  shall  not  be  connected  with  the  plumbing  system  and  must  be  so  installed  as  to  provide 
adequate  ventilation. 

Open  Plumbing. — All  plumbing  fixtures  should  be  installed  or  set  free  and  open  from  all  enclosing  work.*  Where 
practicable  all  pipes  from  fixtures,  except  fixtures  with  integral  traps  rising  from  the  floor,  should  be  run  to  the  wall. 

Note. — It  is  essential  that  all  plumbing  fixtures  for  public  building  service  be  of  high  grade,  and  of  such  design 
and  construction  and  so  installed  as  to  be  practically  fool-proof. 

Piping. — Wherever  practicable,  the  piping,  tanks,  flushing  devices,  traps,  etc.,  should  be  installed  exposed  in  a 
utility  chamber  and  so  arranged  that  they  are  accessible  for  the  removal  of  stoppages  (see  chapter  on  "Public 
Comfort  Stations"  in  Part  I,  Sect.  4). 

Protection  against  Frost. — All  water-closets  and  urinals  and  the  pipes  connecting  therewith  should  be  protected 
properly  against  frost,  either  by  a  suitable  insulating  covering  or  by  an  efficient  heating  apparatus,  or  in  some  other 
approved  method,  so  that  the  facilities  will  be  in  proper  condition  for  use  at  all  times. 

Note. — Toilets  should  be  adequately  heated  in  cold  weather.  Heating  equipment  should  be  arranged  to  per- 
mit cleaning  of  floors  and  walls. 

Where  Water  and  Setperage  Systems  are  Available. — Each  water-closet  and  urinal  and  each  lavatory  or  sink 
located  in  a  public  or  private  building  should  be  connected  properly  with  sewerage  and  water  ssrstems  where  possible. 

Where  Water  and  Sewerage  Systems  are  Not  AwikMe. — In  localities  lacking  public  sjrstems  of  water  and  sewer- 
age, the  disposal  of  human  wastes  may  be  accomplished  as  follows: 

1.  By  an  efficient  water  sjrstem  of  the  "compressed  air  storage'*  or  "air  pressure  delivery**  type  and  a  proper 
sewage  treatment  tank  and  disposal  units,  as  existing  conditions  may  reqtiire. 

2.  By  outdoor  privies  or  other  toilet  conveniences  permitted  by  federal,  state  or  local  authoritifla*  when  looal 
conditions  make  it  impractical  to  install  a  water  supply  and  sewage  disposal  system. 

Repeirs  and  Reconstruction 

Section  5S.  (a)  Old  Materials  Recused. — All  fixtures,  soil,  waste  and  vent  pipes  removed  from  an  old  building, 
if  found  to  be  in  good  condition,  may  under  the  requirements  of  most  ordinances  be  used  in  the  same  building  or  in 
another  building.  In  some  instances  written  consent  i«  required  of  the  owner  of  the  building  in  which  such  fizturea 
are  to  be  installed. 

(&)  Old  House  Drains. — Old  house  drains  may  be  used  in  connection  with  new  buildings  or  new  plumbing  only 
when  they  are  found  on  examination  or  test  to  conf<uin  to  the  requirements  governing  for  new  sewers  and  drains. 
If  the  old  work  is  found  defective,  the  local  or  state  inspecUnr  usually  notifies  the  owner  of  the  ebangce  necessary  to 
make  it  conform  tb  the  requirements  of  the  ordinance. 
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(c)  Fixture*  Replaced. — When  an  old  or  defective  fixture  ia  removed,  to  be  replaced  by  a  new  one,  and  neolte 
fixture  or  piping  is  to  be  added  or  remodeled,  it  may  not  be  necceeary  to  reconstruct  the  aoU,  waate  or  rent  pipni 
to  make  it  conform  to  rules  governing,  unices  the  same  is  in  a  defective  condition.  In  such  casea,  if  found  neccnsiy, 
the  fixtures  should  be  provided  with  eflScient  deep  seal  traps  or  deep  real  resealing  traps  of  tbeaelf-acourinceeatii^ 
ugal  type. 

(d)  Reconstruction. — When  old  or  defective  plumbing  is  to  be  remodeled,  additional  fijcturea  inatalled  at  tk 
whole  plumbing  system  moved  to  another  part  of  the  building,  then  the  remodeled  system  should  benuuletoi 
form  reasonably  to  the  regulations  in  force. 

(e)  Repaire. — All  repairs  to  fixtures  or  piping  should  be  made  in  a  substantial,  sanitary  and  workmaalikf 
manner. 

(/)  Ineanitary  JnHeUlaiiona. — No  fixturea  or  installations  should  be  maintained  which  are  iiwanitary  or  d 
improper  design. 

Inspections  and  Tests 

Section  f  9.  (a)  Local  Inapectiona. — All  piping  of  a  drainage  or  plumbing  ssrstem  in  cities  having  locml  plumbiBf 
inspectors  (except  in  case  of  repairs  as  specified  in  subsection  m)  should  be  tested  by  the  plumber  in  charge  in  the 
manner  herein  provided,  in  the  presence  of  the  local  inspector  of  plumbing  or  his  authorised  deputiea.  Wheie  no 
state  or  local  inspector  is  provided,  the  engineer,  architect,  owner,  or  a  competent  representative  ahould  arraiigtto 
witness  all  tests  prescribed. 

(b)  Materials  and  Labor. — The  material  and  labor  for  tests  should  be  furnished  by  the  plumber  in  charge. 

(c)  Houae  Drain  Teata. — The  entire  house  drain  with  all  its  branches,  receptacles  and  connectiona,  ahonU  be 
brought  so  far  as  practicable  to  the  surface  or  grade  of  the  basement  floor  and  tested  with  water  or  air.  Upon  beii^ 
found  free  from  defects  and  leaking  joints,  the  test  may  be  considered  satisfactory. 

(d)  Stable  and  Garage  Teata. — If  a  stable,  garage  or  any  part  thereof  is  used  for  human  habitation,  <»■  la  so  coa- 
structed  that  it  may  be  used  as  such,  the  same  tests  should  be  made  as  for  an  ordinary  dwelling. 

(e)  Rain  Leader  Teata. — Rain  water  leaders  and  their  roof  connections  where  they  are  permitted  within  the 
walls  of  any  building,  and  such  branches  as  connect  with  the  hoiisc  drain  3  ft.  beyond  the  basement  wall,  ahould  be 
tested  with  water  or  air. 

(/)  Covering  of  Work. — No  part  of  any  plumbing  or  drainage  system  should  be  covered  until  it  haa  been  in- 
spected, tested,  and  approved.  If  any  part  is  covered  before  being  tested  and  approved,  it  should  be  uncovered  at 
the  direction  of  the  inspector. 

(g)  Final  Inspection. — When  the  plumbing  or  drainage  system  is  completed  and  fixtures  are  installed,  the  fiasl 
inspection  should  be  made;  and  no  such  plumbing  or  drainage  system  should  be  used  until  it  has  been  inspected 
and  approved,  unless  special  permission  is  given  by  the  proper  authorities  for  its  temporary  use. 

(A)  Inapection  for  Changes  or  Alterations. — When  additional  fixtures  are  installed  or  the  style  or  location  of  aaj 
fixture  is  changed  or  when  changes  are  made  in  the  piping  s^nstem,  the  work  should  be  inspected. 

(t)  Soils t  Waste  and  Vent  Tests. — Soil,  waste  and  vent  pipes,  rain  water  leaders  and  all  work  known  aa  "roughing 
in**  and  "underfloor  work*'  between  the  house  drain  connections  to  points  above  the  finished  floors  and  beyond  the 
finished  face  of  walls  and  partitions  should  be  tested. 

0')  Water  and  Air  Teat. — The  water  test  should  be  applied  by  closing  all  ox>enings  in  the  pipes  with  proper  test- 
ing plugs  to  the  highest  opening  above  the  roof,  and  completely  filling  the  system  with  water,  or  an  air  teat  with 
pressure  of  at  least  5  lb.  should  be  used.  If  the  pipes  are  found  free  from  defects  and  leaking  joints,  the  test  may 
be  considered  complete  and  satisfactory.  Buildings  five  or  more  stories  high  may  be  tested  in  sections  as  directed 
by  the  proper  official. 

(k)  Air  Test. — When  water  is  not  available,  or  when  there  is  danger  of  freesing,  the  air  test,  with  a  pressure 
of  at  least  5  lb.  may  be  used. 

(0  Smoke  Test. — The  smoke  test  should  be  used  in  testing  the  sanitary  condition  of  the  drainage  or  plumbing 
S3rstem  of  all  buildings  where  there  is  reason  to  believe  it  has  become  dangerous  or  defective  on  account  of  settlement 
of  the  building,  abuse,  accident  or  other  cause. 

The  smoke  machine  should  be  connected  to  any  suitable  opening  or  outlet  in  the  system.  When  the  system 
is  filled  completely  with  dense  pungent  smoke,  and  the  openings  emit  smoke,  they  should  be  closed,  and  an  air 
pressure  equivalent  to  a  1-in.  water  column  applied,  and  left  standing  at  least  10  min.  If  there  is  no  leakage  or 
forcing  of  trap  seals,  the  system  may  be  considered  air-  and  gas-tight.  Nothing  coming  under  this  provision  should 
be  construed,  however,  as  prohibiting  the  removal  of  any  dean-out  or  the  unsealing  of  a  trap  to  ascertain  if  the 
smoke  has  reached  all  parts  of  the  system. 

(m)  Teats  for  Repairs. — Inspections  may  be  made,  but  tests  should  not  be  required,  after  the  repairing  or  re- 
placing of  any  old  fixture,  faucet  or  valve  by  a  new  one  to  be  used  for  the  same  purpose,  forring  out  stoppages 
repairing  leaks  or  relieving  frozen  pipes  and  fittings.  Such  repairs  or  alterations  may  not  be  construed  to  include 
cases  where  new  vertical  or  horizontal  lines  of  soil,  waste,  vent  or  interior  rain  water  leaders  are  used  or  their  relative 
locations  changed.  In  a  building  condemned  by  the  proper  authorities  because  of  insanitary  conditions  of  house 
drainage  or  plumbing,  tests  and  inspections  should  be  made  as  for  new  buildings.  In  such  cases  repairs  or  Mtera- 
tions  should  be  made  which  are  necessary  to  make  the  plumbing  sanitary. 

Xote. — No  test  nor  inspection  should  be  required  where  a  house  drainage  and  plumbing  system  or  part  thereof 
is  set  up  for  exhibition  purposes;  nor  should  a  test  be  required  (although  inspection  may  be  made)  where  the  plumb- 
ing is  placed  in  nn  outhouse,  stable  or  detached  building  used  exclusively  for  such  purpose. 

(n)  Preparations  for  Inspectitm. — When  work  is  ready  for  inspection  the  plumber  in  charge,  or  in  case  none  is 
employed,  the  owner,  should  make  such  arrangements  as  will  enable  the  inspector  to  reach  all  parts  of  the  btiildiiig 
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readily,  should  have  present  the  proper  apparatus  and  appliances  for  making  the  tests,  and  should  furnish  such 
assistance  as  may  be  necessary  .in  making  proper  inspection. 

(0)  Notice  for  Inspection. — The  plumber  in  charge,  or  the  owner  of  the  property  in  case  no  plumber  is  employed, 
should  notify  the  inspector  in  person,  by  telephone  pr  in  writing  when  the  work  is  ready  for  inspection.  If  the 
inspection  is  not  made  within  a  reasonable  time  after  the  notice  is  given,  the  plumber  in  charge,  or  the  owner,  may 
proceed  with  the  work,  or,  where  valid  reasons  exist,  he  may  d^er,  or  decline  to  make,  the  inspection. 

Section  90.  DefecU  in  MateriaU. — If  tests  or  inspection  disclose  defective  material,  leakage,  or  unworkman- 
like construction,  which  does  not  conform  to  the  sanitary  requirements  and  which  is  condemned  by  the  inspector, 
the  same  should  be  removed  and  replaced  within  three  days,  and  when  necessary  retested. 

The  presence  of  any  foreign  substance,  other  than  that  provided  for  in  the  rules  governing,  about  a  joint  or  any 
I>art  of  a  plumbing  or  drainage  system  should  be  sufficient  cause  for  condemning  such  joint  or  part  of  the  sjrstem. 
Any  split  fittings,  hubs  or  defective  materials  which  do  not  conform  to  the  requirements,  and  which  have  been 
condemned  by  the  proper  authority,  should  be  removed  from  the  work  and  not  used  again. 

Toilet  Room  Requirements  for  Public  Buildings  and  Places  of  Employment 

Note. — "Approval  by  the  proper  authorities,"  as  used  in  the  following  sections,  is  intended  to  mean  approval 
(1)  by  State  or  federal  authorities  in  conformity  with  laws,  rules  and  regulations  governing,  or  (2)  by  the  city  plumb- 
ing inspector,  building  department,  or  health  department  (as  the  case  may  be),  where  such  official  or  department 
acting  under  the  provisions  of  a  city  ordinance  issues  an  order  or  permit  for  the  work  in  question. 

Section  61.  Toilet  Rooms  Required. — Every  place  of  employment  and  every  public  building  should  have  ade- 
quate toilet  rooms,  completely  enclosed,  and  so  arranged  as  to  insure  privaey  'j  except  that  in  foundries,  rolling  mills, 
blast  furnaces,  tanneries,  and  similar  buildings,  partitions  enclosing  toilets  should  be  at  least  7  ft.  high,  but  need  not 
in  all  cases  be  carried  to  the  ceiling  nor  enclosed  at  the  top,  provided  such  ceiling  is  at  least  15  ft.  high,  and  pro- 
vided such  toilets  ar&  located  in  rooms  which  females  are  not  allowed  to  enter. 

Note. — Under  some  regulations  the  foregoing  exemptions  are  permissible  even  though  the  ceiling  is  lower  than 
15  ft.,  if  local  ventilation  through  the  closet  bowl  and  urinals  is  supplied  in  an  approved  manner.  Much  time  may 
be  saved  for  employes,  especially  in  faetories,  by  the  placing  of  toilet  rooms  on  each  occupied  floor. 

Section  6S.  Toilet  Rooms  for  the  Two  Sexes. — Where  the  two  sexes  are  accommodated;  separate  toilet  rooms 
must  be  provided,  except 

(1)  In  apartment  houses  and  private  homes  ^ 

(2)  If  approved  in  writing  by  the  proper  authorities  in  buildings  accommodating  not  more  than  five  persons  of 
both  sexes,  provided  the  door  of  such  toilet  room  is  kept  locked  and  the  key  kept  in  a  place  accessible  to  all  such 
persons.     But  whenever  the  number  of  such  persons  exceeds  five,  separate  toilet  rooms  should  be  provided. 

Entrances  to  toilet  rooms  for  the  two  sexes  should  be  properly  separated  by  screens  or  otherwise,  and  should, 
wherever  possible,  be  at  least  20  ft.  apart. 

Section  6S.     Sex  Designated. — Wherever  women  are  employed  or  accommodated,  each  toilet  room  should  be 
distinctly  marked  with  regard  to  the  sex  which  uses  it,  and  no  person  should  be  allowed  to  use  a  toilet  room  as 
signed  to  the  other  sex,  except  as  provided  in  Section  82.  ^ 

Section  64.  Locationt  Light,  Ventilation. — Every  toilet  or  bath  room  should  be  so  located  as  to  open  to  the 
outside  light  and  air  by  windows  or  skylight  openings  directly  upon  a  street,  alley,  court,  or  vent  shaft,  except  as 
hereinafter  provided.  Every  such  vent  shaft  should  have  a  horisontal  area  of  at  least  1  sq.  ft.  for  each  water-closet 
or  urinal  adjacent  thereto,  but  the  least  dimension  of  such  shaft,  if  one-story  high,  should  not  be  less  than  3ft.; 
if  two  stories  high,  not  less  than  4  ft.;  and  1  ft.  additional  for  each  additional  story. 

The  glass  area  for  a  toilet  room  containing  one  closet  or  urinal  should  be  at  least  4  sq.  ft.,  with  2  sq.  ft.  addi 
tional  for  each  additional  closet  or  urinal. 

In  addition  to  the  windows  herein  required,  each  toilet  room  which  contains  more  than  three  fixtures  (closets 
and  urinals)  should  have  a  vent  flue  of  incombustible  material,  vertical  or  nearly  so,  running  through  the  roof, 
with  proper  cap  or  hood,  and  of  not  less  than  the  following  sise: 

Four  fixtures 8-in.  pipe 

Five  or  six  fixtures 10-in.  pipe 

Seven  to  ten  fixtiu-es 12-in.  pipe 

But  if  the  windows  or  skylights  can  not  be  opened,  then  vent  pipes  should  be  provided  as  specified  in  Sect.  65. 

No  toilet  room  should  have  a  movable  window  or  ventilator  opening  on  any  elevator  shaft  or  any  court  which 
contains  windows  of  sleeping  or  living  rooms  above;  except  that  a  toilet  room  containing  not  more  than  two  closets 
may  have  a  movable  window  on  such  court  if  the  room  has  a  vent  flue  running  above  the  roof. 

Section  66.  Location  Without  Outside  Windows — Whtn  Permissible.— li  a  location  with  outside  windows  Is 
impracticable,  a  different  location  may  be  permitted,  as  follows: 

(1)  For  a  toilet  used  by  not  more  than  three  persons,  without  special  permit. 

(2)  For  a  toilet  in  a  new  building,  used  by  more  than  three  persons,  only  upon  written  approval. 

(3)  For  a  new  toilet  room  in-an  existing  bulling,  used  by  more  than  three  persons,  only  with  the  written  ap- 
proval of  the  proper  authorities.  (Such  approval  usually  is  granted  only  where  a  location  with  outside  windows  is 
not  reasonably  possible.) 

Where  a  toilet  room  without  outside  windows  is  permitted,  it  should  have  a  fixed  window  or  windows  to  an 
adjoining  room,  with  glass  area  as  provided  above,  arranged  so  as  to  furnish  as  much  light  aa  vosaxVAi^.   '^xvanNM^ 
or  other  transluoent  glass  should  be  used  whiBO  necessary  for  privacy.    In  no  «aaiaiiaAX^^<a%nQR>M'niAft»^^^3^^" 
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A  vent  flue  of  incombustible  material  should  be  provided,  vertical  or  nearly  so,  running  through  the  roof*  with 
proper  cap  or  hood,  and  of  not  less  than  the  following  sise: 

One  fixture  (closet  or  urinal) 6-in.  pipe 

Two  fixtures ^ 8-in.  pipe 

Three  fixtures 10-in.  pipe 

Four  or  five  fixtures 12-in.  pipe 

Six  or  seven  fixtures 14-in.  pipe 

Eight  to  ten  fixtures 16-in.  pipe 

NoUa. — (1)  Glass  area  50%  greater  than  required  is  recommended. 

2.  An  air  inlet  is  recommended  if  it  can  be  made  sound-proof. 

3.  A  fan  in  the  flue  may  be  required  if  necessary  for  proper  ventilation.  If  there  is  no  fan  a  ateam  ooiI«  or 
even  an  electric  light  at  the  bottom  of  the  flue,  will  help  to  provide  circulation.  Where  a  metal  vent  pipe  extendi 
above  the  roof,  a  double  pipe  or  other  insulation  against  cold,  is  recommended. 

4.  Closets  provided  with  a  local  vent  are  recommended  and  may  be  required  in  some  cases  before  approval  ii 
granted. 

Section  66.  Exitting  Toilet  Rooms — Ventilation. — Every  toilet  room  heretofore  installed,  which  is  not  ade- 
quately ventilated  by  outside  windows  or  skylight,  should  be  provided  with  a  vent  flue  of  sise  as  specified  in  Sectioa 
65,  in  which  flue  a  fan  is  required  if  necessary  for  proper  ventilation. 

Every  such  toilet  room  which  cannot  be  kept  sanitary  should  be  moved  so  as  to  be  open  to  outside  light  and  air. 
Section  67.  Artificial  Light. — Every  toilet  room  (except  in  a  private  apartment)  should  be  artificially  lighted 
during  the  entire  period  that  the  building  is  occupied,  wherever  and  whenever  adequate  natural  light  is  notaTail- 
able,  so  that  all  parts  of  the  room  are  easily  visible. 

Section  68.  Size. — Every  toilet  room  should  have  at  least  10  sq.  ft.  of  floor  area,  and  at  least  100  cu.  ft.  of 
air  space,  for  each  water-closet  and  each  urinal. 

Section  69.  Floor. — The  floor  and  base  of  every  toilet  room  should  be  constructed  of  material  (other  than 
wood)  which  does  not  readily  absorb  moisture  and  which  can  be  easily  cleaned;  except  that  wood  floors  may  be 
used: 

1.  In  private  apartments. 

2.  If  approved  in  writing  by  the  proper  authorities,  in  existing  buildings  where  there  is  a  wood  floor  in  good 
condition  and  where  such  toilet  will  be  used  by  not  more  than  five  persons;  provided  further  that  such  room  must 
have  an  outside  window  or  skylight. 

Section  70.  WalU  and  CeUing: — The  walls  and  ceiling  of  every  toilet  room  should  be  oompletely  oovwed  with 
smooth  cement  or  gypsum  plaster,  glased  brick  or  tile,  galvaniied  or  enameled  metal,  or  other  smooth,  nou-abaorbent 
material.  For  small  toilet  rooms  receiving  light  use,  wood  may  be  used  if  well  covered  with  two  ooata  of  body 
paint  and  one  coat  of  enamel  paint  or  spar  varnish,  kept  clean  and  in  good  repair.  But  wood  should  not  bt 
iised  for  partitions  between  toilet  roonu,  nor  for  partitions  which  separate  a  toilet  room  from  any  room  used 
by  the  opposite  sex.    All  such  partitions  should  be  as  nearly  sound-proof  as  possible. 

Note. — Walls  and  partitions  should  be  of  light  color  to  increase  illumination  and  facilitate  cleaning. 

In  large  rooms  a  hose  connection  and  floor  drain  should  be  provided. 

Section  71.  Partitions  Between  Fixtures. — Adjoining  water-closets  should  be  separated  by  partitions.  Each 
individual  urinal  or  urinal  trough  should  be  provided  with  a  partition  at  each  end  and  at  the  back,  to  give  priTaey. 
Where  individual  urinals  are  arranged  in  batteries,  a  partition  should  be  placed  at  each  end  and  at  the  back  of  the 
battery.  A  space  of  6  to  12  in.  should  be  left  between  the  floor  and  the  bottom  of  each  partition.  The  top  of  the 
partition  should  be  from  5H  to  7  ft.  above  the  floor.  Doors,  of  the  same  height  as  required  for  partitiona,  ahoukl 
be  provided  for  water-closet  compartments  used  by  females.  Doors  at  least  24  in.  high,  with  the  center  of  the 
door  about  3  ft.  above  the  floor,  should  bo  provided  for  water-closet  compartments  used  by  males.  All  partitioiM 
and  doors  should  be  of  material  and  finish  required  in  Sect.  70. 

Note. — Wood  is  not  recommended;  if  used,  it  should  be  hardwood. 

Section  TI.  Number  of  Clos^  and  Urh^als  in  Places  of  Industry.— rln  every  place  of  employment,  whether 
heretofore  or  hereafter  constructed,  one  water-closet  should  be  provided  for  every  20  persons,  or  fraction  thereof* 
of  either  sex. 

In  addition  thereto,  where  more  than  10  males  are  employed,  one  urinal  should  be  provided  for  evety  40 
males,  or  fraction.  Where  not  more  than  10  males  are  employed,  either  a  urinal  should  be  provided  or  the  water* 
closet  should  have  a  projecting  lip  and  self-rising  seat.  Where  trough  urinals  are  used,  each  2  ft.  of  trough  ahould 
constitute  one  urinal. 

Section  7S.  Lavatories  in  Places  of  Industry. — Adequate  washing  facilities  should  be  provided  in  or  near 
every  toilet  room.  In  new  installations  there  should  be  at  least  one  lavatory  for  every  five  fixtures  (eloaeta  and 
urinals),  or  fraction. 

Note. — One  lavatory  for  every  two  or  three  fixtures  is  recommended. 

Special  washing  facilities  are  required  in  certain  industries,  as:  (1)  in  industries  where  lead,  arsenic,  or  other 
poisonous  or  injurious  materials  are  handled  by  the  employes;  (2)  in  industries  whore  food  is  prepared  or  mano> 
factured,  and  (3)  in  glue  factories,  foundries,  machine  shops  and  other  industries  where  the  employes*  bands  be- 
come dirty  or  greasy.  Except  that  in  industries  of  the  last  mentioned  clasd,  located  in  small  towna,  where  the 
employes  go  home  at  noon,  this  requirement  may  be  waived  by  the  proper  authorities.  In  new  installations  there 
should  be  at  least  one  lavatory  for  every  ten  employes,  or  fraction,  and  hot  water  should  be  provided.  Buiniflr 
troughs,  equipped  with  stoppers,  for  common  use  are  usually  prohibited. 
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Notes. — (1)  Washing  facilities  wh«re  the  employe  must  necessarily  wash  in  running  water  are  recommended. 
A  large  trough  without  stopx>er,  where  each  person  washes  in  running  water  from  an  individual  faucet,  is  generally 
better  than  separate  bowls. 

2.  One  lavatory  or  faucet  for  every  five  employes  is  recommended. 

3.  Adequate  washing  facilities  are  recommended  for  all  industries. 

4.  Washrooms  should  be  constructed  according  to  the  requirements  for  toilet  rooms,  as  far  as  possible. 
Section  74.    SchooU. — The  following  sanitary  equipment  conforms  with  requirements  of  most  State  and 

local  units;  in  practice  they  are  found  adequate,  chosen  appliances  and  other  operating  conditions  being  favorable: 

One  water-closet  for  every  20  females  or  fraction,  except  for  grammar  and  primary  grades,  where  there  should 
be  one  water-closet  for  every  15  females  or  fraction. 

One  water-closet  and  one  urinal  for  every  40  males  or  fraction,  except  for  grammar  and  primary  grades,  where 
there  should  be  one  waterHsloset  and  one  urinal  for  every  30,  males  or  fraction.  Toilet  accommodations  for  males 
and  females  should  be  placed  in  separate  rooms  with  doors  not  less  than  20  ft.  apart.  A  drinking  fountain  and  sink 
should  be  installed  in  each  story  and  basement,  for  each  6000  sq.  ft.  of  floor  area,  or  fraction.  A  proper  number  of 
wash  bowls  should  be  provided. 

Note. — Ordinarily  there  should  be  at  least  one  wash  bowl  for  every  two  closets  and  urinals.  Wash  bowls  should 
be  placed  either  in  the  toilet  room  or  immediately  outside.  Drinking  fountains  should  in  no  case  be  placed  within 
the  toilet  room  enclosure. 

Section  7f.  Theatre*  and  Aaaembly  HalU. — Separate  toilet  rooms  in  connection  with  the  auditorium  should 
be  provided  for  males  and  females.  One  closet  should  be  installed  for  each  200  females  or  fraction,  and  one  closet 
and  one  urinal  for  each  300  males  or  fraction,  assuming  the  audience  to  be  equally  divided  between  males  and 
females. 

Section  7ft.  Apartment  Hotueet  Hotela,  Lodging  Hoiues,  Dormitoriet,  Hoapitaltt  Atylume,  and  Plaeea  of  Deten- 
tion.— Every  apartment  should  have  a  water-closet  in  a  bathroom  or  separate  compartment,  except  that  where 
there  are  apartments  consisting  of  but  one  or  two  rooms,  there  should  be  at  least  one  water-closet  for  every  two 
such  apartments. 

All  other  buildings  of  this  classification  should  have  at  least  one  water-closet  for  every  15  rooms  or  fraction 
thereof. 

Note. — Rooms  with  private  water-closets  should  not  be  considered  in  counting  either  the  number  of  rooms  ox 
the  number  of  water-closets. 

In  every  building  of  this  classification  where  city  water  supply  is  available  or  can  be  made  available,  there 
should  be  at  least  one  adequate  sink  or  wash  bowl  with  running  water.  In  apartment  houses  there  should  be  such 
a  sink  or  wash  bowl  in  each  apartment. 

Section  77.  When  Water  and  Sewer  Become  Available. — State  and  local  regulations  usually  require  that  within 
a  given  time  after  water  and  sewer  ssrstems  become  available,  water-closets,  urinals  and  lavatories  shall  ba  pro- 
vided. When  water  and  sewer  are  not  available,  other  toilet  and  washing  facilities  must  be  provided  (see  chapter 
on  "Waterless  Toilet  Conveniences"). 

Section  78.  Drinking  Water. — Every  public  building  should  be  supplied  with  sufficient  pure  drinking  water, 
and  the  faucets  or  outlets  for  the  same  should  be  placed  conveniently  for  users.  Common  drinking  cups  are  usually 
prohibited,  for  well-known  hygienic  reasons.  Sanitary  drinking  fountains  should  be  installed  or  individual  cups 
provided  (see  Art.  19  in  the  preceding  chapter.) 

References 

(1)  For  detailed  requirements  regarding  plumbing  fixtures  consult  Sections  51  to  54  inclusive. 

(2)  For  piping  and  other  regulations,  consult  preceding  sections,  also  chapter  on  "  Public  Comfort  Stations.*' 

(3)  For  requirements  where  public  water  supply  and  sewerage  are  not  available,  consult  chapters  on  "Public 
Comfort  Stations"  and  "Waterless  Toilet  Conveniences." 

23.  Suggestions  for  Engineers,  Architects,  and  the  General  Public. — Where  modem  state 
laws  or  local  ordinances  on  this  subject  exist,  you  will  insure  sanitary  and  reasonably  durable 
plumbing  if  you  provide  in  your  specifications  and  contract  with  your  plumber  that  all  work 
must  be  performed  in  accordance  with  laws,  rules  and  regulations,  both  state  and  local.  You 
should  require,  further,  that  a  certificate  of  inspection  issued  by  the  proper  authority  be 
furnished  by  the  plumber  before  payment  is  made  for  the  whole  or  any  part  of  the  system 
to  be  installed  under  the  plans,  specifications,  agreement  or  contract. 

When  selecting  plumbing  fixtures  for  home,  office,  school,  factory,  or  other  types  of  build- 
ings, make  sure  that  they  are  of  sanitary  design  and  free  from  defects,  and  suitable  for  the  purpose 
intended. 

Experience  has  demonstrated  that  extra  heavy  cast-iron  soil  pipe  with  durable  lead  branches, 
bends,  joints  and  connections  properly  supported  and  protected  will  render  the  most  satisfac- 
tory service  for  ordinary  residences  or  small  buildings.  For  other  buildings  the  plumbing  and 
drainage  should  be  designed  to  meet  the  construction  of  the  building  and  the  purpose  for  which 
it  is  to  be  used. 
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The  use  of  cast-iron  pipe  for  all  underground  house  drains  within  the  building  is  strongly 
recommended.  It  will  cost  slightly  more  to  install  but  is  safer  from  a  sanitation  standpoint  and 
less  liable  to  cause  trouble  by  clogging  due  to  settling  or  breakage. 

The  object  of  ventilation  in  a  system  of  drainage  or  plumbing  is  to  keep  the  air  within  the 
pipe  in  circulation  and  thus  remove  foul  air  caused  by  decomposition  of  solids;  to  prevent  un- 
equal air  pressure  within  the  system  which  may  force  trap  seals  or  retard  the  flow  of  waste  water; 
to  prevent  the  pernicious  effects  of  sewer  gas  on  lead  and  iron  pipes;  and  to  protect  the  traps 
against  siphonage.     The  avoidance  of  dead  ends  is  essential. 

Stoppage  in  sewers  between  the  main  in  street  and  the  building  is  due  generally  to  one  or 
more  of  the  following  causes,  which  in  most  cases  is  easily  preventable:  Insufficient  fall,  de- 
fective joints  and  connections,  changes  in  direction  improperly  made,  inadequate  flushing,  tree 
roots,  grease  and  improper  usage.  Stoppages  in  the  drainage  system  within  the  building  are 
often  caused  by  poorly  made  joints,  improper  connections,  change  of  direction,  insufficient 
flushing,  grease,  matches,  hair  pins,  and  other  indifferent  usage. 

The  cheapest  method  of  installing  plumbing  and  sewerage  is  not  always  the  most  economical 
in  the  end. 

In  spite  of  all  the  safeguards  provided  by  states  and  cities,  all  plumbers  do  not  show  the 
same  degree  of  efficiency  in  workmanship. 

Plumbing  that  is  properly  installed  and  given  reasonable  care  will  not  become  insanitary 
nor  dangerous  to  health. 

Buildings  intended  for  human  habitation  should  be  reasonably  free  from  dampness,  should 
have  an  abundant  supply  of  pure  fresh  air,  sunshine  and  pure  water,  and  should  be  equipped 
with  the  essential  sanitary  conveniences. 

Privy  vaults,  unclean  plumbing  fixtures  (especially  toilets  and  urinals),  defective  drains 
and  the  discharge  terminals  of  drainage  systems  assist  flies,  rats  and  other  vermin  in  spreading 
typhoid  fever  and  other  water-borne  diseases. 

When  the  use  of  disinfectants  is  required,  consult  your  local  health  officer. 

.It  is  important  that  public  toilet  rooms  be  properly  located,  adequately  designed,  provided 
with  plenty  of  light  and  air,  and  kept  in  good  repair,  clean  and  sanitary. 

It  is  also  important  that  tank  pulls,  scats,  walls,  and  floors  be  frequently  and  thoroughly 
cleaned  and  kept  clean,  and  that  they  are  made  of  such  materials  and  construction  that  this  can 
be  done. 

Materials  of  wood,  and  materials  otherwise  unprotected,  should  be  kept  well  painted. 


SECTION  6 

ELECTRICAL  EQXnPMENT 
Bt  C.  M.  Janskt 

The  use  of  electrically  operated  machinery  and  apparatus  has  become  so  extended  that 
sooner  or  later  some  form  of  electrical  equipment  is  installed  in  nearly  every  building.  In  order 
that  the  installation  may  be  economical  and  efficient,  provisions  should  be  made  in  the  first 
plans  of  the  building  for  such  installation  and  for  the  necessary  wiring. 

Although  specific  rules  which  will  apply  in  every  case  without  modification  and  adaptation 
cannot  be  given,  nevertheless,  there  are  many  general  principles  which  do  apply  and  a  knowledge 
of  these  will  be  of  assistance  in  planning  the  installations. 

1.  Electrical  Quantities. — The  electrical  terms  that  are  commonly  used  in  connection  with 
electric  installations  are  the  names  of  electrical  quantities  such  as  energy,  power,  current, 
electromotive  force  or  pressure,  resistance,  and  the  names  of  electrical  apparatus.  The  elec- 
trical quantities  have  certain  definite  relations  so  that  often  if  two  are  known,  another,  and 
sometimes  more  than  one,  may  be  calculated  or  determined  by  the  aid  of  these  relations. 

2.  Electrical  Energy. — 'Although  energy  is  not  the  simplest  of  electrical  quantities,  never- 
theless as  the  purpose  of  most  electrical  installations  is  the  efficient  transformation  and  utiliza- 
tion of  energy,  it  will  be  considered  first.  An  electric  motor  or  an  electric  lamp  is  merely  a 
machine  or  device  for  transforming  electrical  energy.  This  energy  is  conveyed  to  the  motor 
or  to  the  lamp  by  means  of  wires.  In  order  that  the  amount  of  energy  used  by  different  pieces 
of  equipment  may  be  compared  or  calculated,  the  energy  must  be  measured.  There  are 
several  units  of  energy  in  practical  use,  just  as  there  are  many  units  of  volume  or  of  length. 
The  smallest  practical  unit  of  electrical  energy  is  the  wait-second.  The  watt-second  is  a  very 
small  unit  so  in  practice  a  much  larger  one  is  used.  The  more  common  unit  is  the  kiUncaUrhoia'. 
A  kilowatt-hour  of  energy  is  equal  to  3,600,000  watt-seconds.  A  kilowatt-hour  of  energy,  if 
converted  into  heat  and  utilized  in  melting  ice,  will  melt  23.76  lb.  It  will  light  a  25-watt 
tungsten  lamp  for  40  hr.,  or  operate  a  1-horsepower  motor  for  about  IH  br.  Energy  is  a 
physical  quantity,  and  it  is  that  which  operates  lamps  and  motors,  heats  flatirons,  and  for  which 
pa>'ment  is  exacted  by  the  public  utility  company. 

3.  Power. — Electrical  apparatus  is  usually  rated  in  terms  of  power — that  is,  in  terms  of  the 
amount  of  energy  the  apparatus  will  consume  or  develop  in  some  unit  of  time,  usually  the  second 
or  hour.  Thus  a  motor  that  develops  1  kilowatt-hour  in  1  hr.  is  said  to  be  a  1-kilowatt  motor. 
That  is  to  say,  power  is  the  rate  at  which  energy  is  being  transferred,  transformed  or  consumed. 
The  unit  of  power  is  the  watt  or  kilowatt.  The  ktiovoaU  is  1000  times  as  large  as  the  watt.  The 
total  amount  of  energy  consumed  by  any  piece  of  apparatus  is  obtained  by  multiplying  the  rate  at 
which  the  energy  is  being  consumed  by  the  time  of  its  operation.  Thus  a  lamp  rated  as  a  25- 
watt  lamp  is  one  that  consumes  25  wattnseconds  of  energy  in  every  second.  In  1  hr.  a  25-watt 
lamp  will  consume  25  X  3600  «  90,000  watt-seconds  of  energy,  or  90,000  -»-  1000  «  90  kilo- 
watt-seconds. Since  1  kilowatt-hour  »  3,600,000  watt-seconds,  it  will  take  a  25-watt  lamp, 
3,600,000  ^  90,000  =  40  hr.  to  consume  1  kilowatt-hour  of  energy. 

lUnstratiTe  Problem. — A  25-hp.  motor  is  installed  to  operate  an  elevator.    How  many  kilowatt-hours  of  energy 
will  it  consume  in  a  10-hr.  day  if  the  average  load  is  only  15  hp.  and  the  efficiency  of  the  motor  is  86%T 

1  hp.  -  746  watts. 
15  hp.  -  (15)(746)  -  11.190  watts. 
(11.190)(10)  -  111.900  watt-hr. 

^lOTO^  ■  1 1 1.9  kw.-hr.  at  100%  efficiency. 

Ill  9 

■*r^   ■■  131.6  kw.-hr.  at  85%  efficiency. 

U.oO 
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Illtistratiye  Problem. — What  will  be  the  coet  of  operating  twenty-five  60-watt  lamp*  for  a  month.  6  br.  per  dbj. 

at  8c.  a  kilowatt-hour? 

(25) (00)  -  1500  watts. 
(1500) (6)  «  0000  watt-hr.  per  day. 

(9000)  (30)  -  270.000  watt-hr.  per  month. 

270.000       ^»-,       .  ^, 

---      —  270  kw.-hr.  per  month. 

(270)  (0.08)   -  $21.60,  ooet  per  month. 

4.  Electrical  Resistance. — Heat  is  one  form  of  energy.  The  lighting  of  an  incandescent 
lamp  is  due  to  the  heating  effect  of  electrical  energy  in  the  filament  of  the  lamp.  In  other  words, 
the  lighting  is  produced  by  the  conversion  of  electrical  energy  into  heat  by  a  property  of  the 
filament.  This  property  is  called  resistance.  The  unit  of  resistance  is  the  ohm.  In  concrete 
relations,  the  ohm  is  defined  as  the  resistance  of  a  column  of  mercury  106.3  centimeters  long  of 
uniform  cross  section  and  one  square  millimeter  in  cross  section,  at  a  temperature  of  melting  ice. 
A  length  of  10(X)  ft.  of  No.  10  copper  wire  at  a  temperature  of  25  deg.  C.  or  77  deg.  F.,  has  a  resb- 
tance  of  one  ohm.  This  is  a  concrete  relation  more  easily  remembered.  In  terms  of  eneigy 
units,  it  ma}*^  be  defined  as  that  resistance  in  which  one  ampere  will  develop  one  joule  of  energy 
per  second. 

6.  Effect  of  Temperature  Upon  Resistance. — When  a  metallic  conductor  is  heated  either 
externally  or  by  the  passage  of  an  electric  current,  its  resistance  is  increased.  The  resistance 
of  electrolytes  and  of  carbon  decreases  as  their  temperature  increases  or  rises.  This  relation  is 
expressed  by  the  formula 

R,  =  Ro(l  +  a4c) 

where  ie  is  expressed  in  degrees  centigrade,  and 

Rt  =  Ro(l  +  a/tf) 

where  the  temperature  change  is  expressed  in  Fahrenheit  degrees,    a  is  called  the  temperatuie 
coeflicient.     For  pure  metals  a«  =  0.(X)392  and  a/  «  0.(X)22.     For  electrol3rtes  a  is  negative. 

6.  Electric  Current. — Energy  may  be  transferred  from  the  point  of  its  development  to  the 
point  of  its  utilization  in  many  w^ays.  The  common  mechanical  means  are  the  spur  gear,  the 
belt,  the  cable,  a  stream  or  current  of  water,  current  of  steam,  and  current  of  electricity. 

In  the  first  five  cases  the  material  body  is  a  vehicle  for  transferring  the  energy,  and  its 
motion  transfers  the  energy.  In  an  electric  circuit,  the  matter  or  material  body  connecting  the 
source  of  energy  with  the  instrument  or  apparatus  where  it  is  utilized  does  not  move,  but  the 
energy  is  transferred  by  a  current  or  stream  of  electricity.  Perhaps  in  light  of  modem  theory 
we  should  say  of  a  current  of  electrons.  Like  water  or  steam  the  electricity  (or  electrons)  is  a 
vehicle  of  energy,  and  energy  is  said  to  be  transferred  by  a  current  of  electricity. 

The  practical  unit  current  is  the  ampere.  An  ampere  may  be  defined  in  many  w^ya  but 
for  our  purpose  it  may  be  defined  as  that  current  which  will  develop  one  watt-second,  or  one 
joule  per  second,  of  heat  in  a  conductor  whose  resistance  is  1  ohm.  Another  and  more 
practical  definition  is  basd  on  the  chemical  action  of  an  electric  current.  Based  on  thk 
principle  an  ampere  is  such  a  current  as  will  deposit  1.118  milligrams  of  silver  in  1  second 
from  a  standard  solution  of  silver  nitrate. 

7.  Electromotive  Force  or  Electrical  Pressure. — In  order  that  a  current  of  water  or  steam 
may  transfer  energy  from  one  point  to  another,  there  must  be  a  difference  of  pressure  between 
the  points.  If  there  is  no  difference  of  pressure,  no  current  will  flow  and  no  energy  will  be 
transferred. 

In  an  analogous  way  the  transfer  of  electrical  energy  from  its  source  to  points  of  utilisation 
is  due  to  difference  of  electrical  pressure  or  electromotive  force.  Electromotive  force  is  thus 
the  cause  of  the  flow  of  electricity  which  constitutes  the  current.  The  practical  unit  of  elec- 
trical pressure  is  the  volt.  The  volt  may  also  be  defined  in  many  wa^rs,  but  in  terms  of  the  units 
already  defined,  we  may  say  that  a  volt  is  the  pressure  that  will  send  a  current  of  1  MOporo 
through  a  resistance  of  1  ohm. 
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8.  Ohm's  Law. — The  three  physical  quantities,  electrical  pressure,  current,  and  resistance 
are  related  in  a  definite  way,  known  as  Ohm's  law.  This  law  is  deduced  from  the  results  of 
experiments.  It  states  that  the  current  in  a  circuit  is  strictly  proportional  to  the  total  electro- 
motive force  in  the  circuit.  If  we  represent  the  current  in  amperes  by  /,  the  pressure  in  volts 
by  E  and  the  resistance  in  ohms  by  R,  then  in  direct  current  circuits,  Ohm's  law  is  written 

7  =  1  fi-5  IR-E 

IllastratiTe  Problem. — A  flatiron  takes  4  amperes  when  connected  to  a  1 10- volt  circuit.  What  is  the  resistance 
of  the  iron? 

By  Ohm's  law,  R  "  -j       E  —  110  volts  /  ■■  4  amperes 

/.  /?  -    ^   -  27.6  ohms 

Illttstratiye  Problem. — What  pressure  is  required  to  send  one-half  ampere  through  a  220-ohm  lamp? 

By  Ohm's  law.  E  ^  IR.         I  ^  H  ampere.        R  «  220  ohms. 
.'.£  -  (H)(220)  -  110  volts. 

Illustratiye  Problem. — A  direct  current  pressure  of  1 10  volts  is  connected  to  an  electric  chafing  dish  whose 
resistance  is  22  ohms.     What  current  does  the  chafing  dish  take? 

B 
By  Ohm's  law.  /  -  ^    -  110  volts  12-22  ohms 

.   r        110      . 
.  .  I  —  "oo""  *  amperes 

9.  Pressure  or  Voltage  Drop. — In  order  that  a  current  may  flow  through  a  conductor  there 
must  be  a  difference  of  electrical  pressure  between  any  two  points  on  the  conductor.  If  Ei 
is  the  electrical  pressure  at  one  point  and  Et  a  lower  pressure  at  another  point,  then  Ei  —  E% 
is  the  pressure  drop.  If  A  is  the  resistance  of  the  conductor  between  two  points,  then  by  Ohm's 
law 

El  —  Ei      J 

R 
and  E  =  Ei  —  Et  =  IR 

In  other  words,  the  voltage  drop  between  any  two  points  of  a  conductor  is  equal  to  the  product 
of  the  current  flowing  by  the  resistance  of  the  conductor  between  the  two  points.  The  voltage 
drop  across  an  incandescent  lamp  is  the  voltage  between  its  two  terminals  and  is  equal  to  the 
current  multiplied  by  the  resistance  of  the  lamp. 

nitistratiTe  Problem. — The  current  taken  by  a  motor  is  50  amperes.  The  motor  is  connected  to  a  generator 
by  wires  whose  resistance  is  0.08  ohm.     If  the  generator  voltage  is  220  volts,  what  is  the  pressure  at  the  motor? 

The  volUge  drop  ib  IR.  /  -  50  amperes,  R  -  0.08  ohms.  Then  voltage  drop  -  (50)  (0.08)  -  4  volts.  The 
pressure  at  the  motor  is  the  difference  between  the  generator  voltage  and  the  voltage  drop  or  220  —  4   -■  216  volts. 

10.  Heat  Developed  in  a  Wire. — ^The  amount  of  heat  developed  by  a  current  in  a  resistance 
was  experimentally  determined  to  be  directly  proportionate  to  the  product  of  the  resistance  by 
the  square  of  the  current  flowing  by  the  time.    Expressed  algebraically  this  relation  is  given  by 

Heat  =  kI*Rt 

When  /  is  expressed  in  amperes,  R  in  ohms,  and  i  in  seconds,  k  is  unity  and  the  heat  developed 
is  expressed  in  wattnseconds.     To  express  the  heat  in  calories,  k  becomes  0.24  and  the  formula  is 

Heat  -  0.2U^Rt  calories 

There  are  many  examples  of  the  heating  effect  of  an  electric  current.  The  most  common  is 
the  incandescent  lamp  in  which  a  small  filament  of  wire  is  heated  to  incandescence  by  the  cur^ 
rent.  Likewise,  electric  flatirons,  toasters  and  electric  furnaces  exemplify  the  same  principle. 
Some  heat  is  developed  in  every  wire  through  which  an  electric  current  flows.  In  some  cases, 
such  as  mentioned  above,  this  heat  is  utilized,  but  in  connecting  wires  and  all  light  and  power 
wires,  this  heat  is  wasted.  In  order  to  keep  the  loss  within  reasonable  bounds  the  wires  mu&tk 
have  low  resistance,  especially  where  they  carry  heavy  c\irT«Ti\&  wi'^  ^^aXASkS^  ^J^^^.^a  ««tn^«o^» 
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from  the  formula  that  the  heat  developed  is  proportional  to  the  square  of  the  current.  Doub- 
ling the  current  quadruples  the  heat  generated  in  the  same  resistance. 

The  currents  that  copper  wires  will  carry  without  over-heating,  have  been  determined 
by  the  engineers  of  the  National  Board  of  Fire  Underwriters.  A  table  giving  these  cumnti 
is  found  on  p.  1296. 

When  the  current  is  measured  in  amperes  and  the  resistance  in  ohms,  k  is  1,  and  we  have 
joules  ->  PR  per  second,  or  watts  ->  I*R,  But  by  Ohm's  law,  IR  «  E,  and  I^R  »  IB,  There- 
fore, IE  -B  watts.  That  is,  if  the  difference  of  pressure  between  two  points  of  a  conductor  ii 
E  volts  when  a  current  of  /  amperes  is  flowing,  there  are  IE  watts  of  power  being  spent  in  the 
conductor  between  the  two  points.  In  ( seconds,  the  energy  spent  will  be  Bit  watt-seconds,  or 
joules. 

nioitratiTe  Problem. — How  nutny  watt-«econd8  or  joulee  of  heat  are  developed  in  an  hour  in  an  eleotrie  store 
which  takes  a  current  of  10  amperes  and  whose  resistor  has  a  resistance  of  1 1  ohms? 
Heat  (joules)  -  DRt,  7-10  amperes.  J2  -  11  ohms,  f  -  1  hr.  -  3600  Bee. 

.'.Heat  -  (10>)(11)(3000)  -  3.900.000  joules  -  1.1    kw.-hr. 

ninstratiTe  Problem. — What  is  the  voltage  drop  across  the  resistor  of  preceding  problem? 

The  voltage  drop  -  /A  -  (10)(11)  -  110  volts.  But  watts  -  volts  X  amperes,  then  110  volts  X  10  am- 
peres *  1100  watts.     1100  watts  supplied  for  one  hour  equals  1.1  kw.-hr.  as  above. 

Illustrative  Problem. — A  tungsten  lamp  takes  yi  ampere  at  1 10  volts.  How  much  power  is  nrrrasaiji  to  Bglit 
the  lamp? 

Power  -  EI.    £  -  1 10  volts.  I  ^  H  ampere. 

.'.Power  -  (llOXK)  -  27.6  watts. 

Illustrative  Problem. — A  110-volt  coffee  percolator  consumes  440  watts.     What  current  does  it  take?. 

watts 
Power  or  watts  -  IB.     Then.  /  -  — ^  -•     Watts  -  440,  and  £  -  110  volts. 

.  r       440       . 
.  ./  —  Yin  "  4  amperes. 

ninstrative  Problem. — A  current  of  5  amperes  flows  through  a  475- watt  flatiron.    What  is  the  reaietance  oi  the 

flatiron? 

w&tts 
DR  -  watte.     Then  R  -  — p-     Watte  -  475.   and    J«  -  (5)(5)  -  25. 

.'.R  -  ^  -  19  ohms. 

ninstrative  Problem. — How  many  watte  are  wasted  in  a  2-ohm  rheostat  when  26  amperes  are  flowincT 
Watte  -  I*R.     I*  -  (25)(26)  -  625. 12-2  ohms. 

.'.Watte  -  (625)(2)  -  1250  -  1.25  kw. 

The  energy  spent  in  any  given  time  is  equal  to  the  product  of  the  power  by  the  time. 
Since  I  X  E  '^  power,  then  I  X  E  X  t  =^  energy.    If  ( is  in  seconds,  the  product  IBi  »  joules 

or  wattHseconds.    If  (  is  in  hours,  then  lEt  is  watt-hours,  and  since  1000  watts  ■•  1  kw., 

lEt 
then  TKr^  =  kilowatt-hours. 

lUostrative  Problems. — How  many  kilowatt  hours  of  energy  is  consumed  by  an  electric  range  in  3  br.  if  it 
requires  3500  watte  for  ite  operation? 

watte  X  hours       , .,        ^^  . 
Tqqq ■  kilowatt-hours. 

.•.^2»M.,o.«.w.-Hr. 

ninstrative  Problems. — Ten  25-watt  tungsten  lamps  are  burned  on  an  average  of  4  hr.  per  day  for  m  moBth  of 
30  days.     What  is  the  monthly  consumption? 

watte  X  hours  ^  i^yo^ntt-hours.     Watte  -  (10)(25)  -  250.     Hours  -  (30)(4)  -  120 


1000 


.•.ii^-i.ao.w.-h. 


lUostratiTe  Problem. — A  10-hp.  motor  is  operated  on  an  average  of  8  hr.  per  day  at  full  load.    What  will  be 
the  monthly  bill  assuming  operation  for  26  days  at  5c.  a  kilowatt-hour? 

^^^**1000^°""  "  kilowatt-hours.     1  hp.  -  746  watte;  then  watte  -  (10) (746)  -  7460.     Hours  -  (26) (8)  -  IDS. 

.(7400H208)  ^  1551  gg  kw.-hr.,  and  (1561.68)  (0.06)  -  $77.58. 
lUUU 
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11.  Electric  Circuit — When  steam  is  used  to  transfer  energy  or  to  do  work,  it  is  conveyed 
from  one  point  to  another  point  by  means  of  pipes.  In  the  most  efficient  S3rstems  the  steam  is 
not  permitted  to  escape  after  it  has  parted  with  its  energy,  but  by  means  of  return  pipes,  con- 
denser, etc.,  it  is  returned  to  the  boiler  whence  it  started.  It  is  thus  made  to  pass  through  or 
around  a  path  or  circuit.     It  is  kept  in  this  path  by  pipes. 

In  an  analogous  way,  electricity  is  conducted  from  one  place  to  another  by  metallic  conduc- 
tors, and  the  metallic  wires,  along  which  the  electric  current  flows  from  the  generator  to  the  lamp 
or  other  apparatus,  are  called  the  electric  circuit.  When  every  part  of  the  circuit  is  metallic 
the  current  can  flow  and  the  circuit  is  said  to  be  closed.  An  open  circuit  is  a  discontinuous  cir- 
cuit, or  one  in  which  there  is  a  break. 

All  Bubetances  will  not  carry  electricity  with  the  same  facility,  hence  subatancea  are  clanified  at  eoiMhtcfor*  and 
in9xUaior». 

Condudort  are  substances  which  permit  the  electric  current  to  flow  with  comparative  ease.  Most  metals  are 
good  conductors,  copper  being  one  of  the  best. 

IruuUUort  are  substances  which  do  not  t^nsmit  electricity  with  ease.  Glass,  porcelain,  rubber,  paraffin, 
shellac  (dry),  etc.,  are  insulators.  Both  conductors  and  insulators  are  needed  in  an  electric  circuit;  the  conductor 
to  form  the  path  of  the  current  and  the  insulator  to  prevent  its  escape.  The  wires  conunonly  used  in  forming  elec- 
trical circuits  are  therefore  insulated. 

12.  Kinds  of  Electric  Currents. — There  are  two  kinds  of  electric  currents  in  use,  direct  and 
alternating.     Although  there  is  no  essential  difference  in  the  electricity,  the  manner  in  which  it 
is  made  to  flow  develops  distinguishing  properties.     A  direct  current  is  one  in  which  the  elec- 
tricity, or  electrons  if  we  wish  to  use  modem  terms,  is  con- 
tinually flowing  in  the  same  direction.    The  amount  that 
flows  per  second  may  vary,  but  the  direction  of  flow  does 
not.     A  direct  current  is  thus  a  continuous  current  so  long 
as  the  circuit  is  closed.     A  battery  is  the  best  example  of 
the  source  of  a  direct  current.     The  current  flows  out  at 
one  electrode  and  returns  to  the  other. 

An  alternating  current  is  one  whose  intensity  is  con- 
stantly changing  and  whose  direction  of  flow  is  reversed 
periodically.     The  motion  of  a  pendulum  is  a  good  analogy  Fia.  i. 

for  an   alternating  current.     The  speed  of  the  pendulum 

constantly  changes  from  one  extreme  position  of  its  swing  to  the  other  extreme,  and  at  these 
points  it  changes  its  direction  of  motion.  In  the  same  way,  when  a  source  of  alternating 
electromotive  force,  such  as  an  alternating-current  generator,  is  connected  to  a  circuit,  the 
current  rises  from  zero  to  a  maximum  value,  decreases  from  this  value  to  zero  when  it  reverses 
its  direction  of  flow  and  then  increases  to  a  maximum  value  in  the  opposite  direction,  and  again 
decreases  to  zero.  This  cycle  is  repeated  many  times  a  second  so  long  as  the  current  flows. 
The  number  of  cycles  per  second  is  called  the  frequency.  The  common  frequencies  in  this 
country  are  60  cycles  per  second  for  power  and  light,  and  25  cycles  per  second  for  power. 
Twenty-five  cycle  current  is  sometimes  also  used  for  lighting  but  it  is  not  so  satisfactory  on 
account  of  the  resulting  flickering  ot  light. 

13.  Kinds  of  Circuits. — Energy  is  conveyed  from  its  source  to  points  of  utilization  by  wires 
or  conductors  forming  circuits.  Circuits  are  classified  with  reference  to  the  manner  in  which 
the  energy  is  distributed  by  the  electrical  current,  and  also  with  reference  to  the  kind  of  cur- 
rent; that  is,  direct  or  alternating. 

The  first  method  of  classification  gives  aeriea  circuits  and  divided  circuits.  Divided  circuits 
may  be  merely  parallel  circuits,  or  a  combination  of  parallel  and  series  circuits.  A  good  ex- 
ample of  series  circuit,  is  the  ordinary  series  street  lighting  circuit  (Fig.  1).  In  the  series  cir- 
cuit, the  current  passes  undiminished  through  each  part  of  the  circuit.  Different  parts  of  the 
circuit  may,  however,  absorb  equal  or  different  amounts  of  energy. 

In  the  parallel  circuit  (Fig.  2),  the  current  does  not  maintain  a  constant  value  throughout 
different  parts  of  the  circuit  but  is  subdivided,  each  utilizing  or  energy-consuming  device  di- 
verting some  of  the  current.     These  parallel  circuits  may  be  equal  or  imequal  depending  upon 
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the  design  of  the  apparatus.  The  main  advantage  of  the  parallel  circuit  avtr  the  aeries  aioA 
is  the  fact  that  it  permits  the  subdivision  of  the  electric  current  so  that  small  and  large  eatrgf- 
utilizing  devices  may  be  supplied  from  the  same  source.  Indoor  incandeeoent  lighting  cuoiiti 
are  invariably  parallel  circuits. 


The  cireuiu  ihowD  in  Fit*-  1  siHl  2  kre  what  an  knovD 
lunpe  or  moton  in  a  aerLefl  circuit,  miut  be  d^iaatd  for  tbi 

tctminala  may  be  diffiieot.     Appantiu  iotf  ndnl  for  parallEl 

laiDpand  a  10-hp.  motor  may  a[]  be  opera t«l  from  the aaine  p 
than  0.  t  ampere  while  the  motor  will  Uke  a  current  ol  over  e 

totrgy  ii  to  be  utllited  at  a  conalderable  diitance  [ram  It*  i 
the  current,  but  incandisceDt  lamp*  doilgned  for  hiiher  tl 
eoniumption.  To  utiliia  thahifher  voltaie  and  also  to  u 
tha  thrM-*ire  drcuit  ibown  in  Fi(.  3.    The  thrsa-wlra  dn 


lame  current  although  tha  voltav^  drop  Aotiaa  ifas 
onnection  muat  be  dnlcned  lor  the  aame  Toltaccbit 
'huB.  a  10-watt  llO-volt  lamp,  a  4A0-watt  110-nK 
r  of  maing.     The  fint  tamp  will  take  ■  euTTHU  o(  iB     ' 
1  full  Idcd. 


referable  to  raiie  the  Toltac"  kiid  lad— 
1  110  vQlla  cannal  be  made  readily  (or 
■mall  low-voitaie  lampa,  there  baa  be 
I  ig  sommon  aapeaiallr  in  luae  oiUaa. 


M.  Electrical  Machines  and  Apparatus. — Electrical  machines  and  apparatus  are  of  three 
kinds :  That  by  means  of  which  the  energy  is  developed  or  generated ;  that  in  which,  or  by  which, 
the  ene^y  is  utilized;  and  that  used  for  transforming  the  energy  either  from  one  voltage  to 
another  or  from  alternating  current  to  direct  current,  or  vice  versa. 

The  machines  used  for  developing  energy  are  called  generators.  Generators  are  j-tiiifriW 
as  direct  current  and  alternating  current.    The  utilizing  machines  and  apparatus  are  of  various 


Fio.  a.  Fia.  3. 

forms.  Those  used  for  power  purposes  arc  called  motors.  Most  of  the  other  forms  depend  on 
their  operation  upon  the  heating  effect  of  the  electric  current.  The  incandescent  lamp,  electric 
flatiron,  and  electric  stove  are  good  examples. 

The  transforming  apparatus  is  of  three  forms — static  transformers,  rotary  or  synchroBOUS 
converteiB,  and  motor  generators. 

The  static  transformer  is  used  to  change  alternating  current  at  one  voltage  to  altenutting 
current  at  another  voltage.  The  house  voltage  is  usually  110  volts  while  the  voltage  between 
line  wires  may  be  2300  volU  or  higher.  By  means  of  the  transformer,  the  line  voltage  is  stepped 
down  so  that  it  may  be  safely  used  in  buildings. 

A  synchronous  converter  is  a  combination  of  an  alternating-current  motor  and  a  direct- 
current  generator  in  one  machine.  Alternating  current  entering  at  one  end  of  the  armatuie 
drives  the  machine,  while  direct  current  is  taken  from  the  armature  at  the  other  end. 

A  motor-generator  is  merely  a  combination  of  two  separate  machines,  an  a^-o.  motor  and 
a  d.-C.  generator,  or  a  d.-e.  motor  and  an  n.-c.  generator,  depending  upon  which  machine  a  the 
driver  and  which  is  the  driven. 

Generators  are  installed  in  isolated  plants  and  in  central  stations.  Where  central  station 
power  is  available,  as  in  cities,  generators  are  seldom  installed  anywhere  except  at  the  central 
station,  but  motors  are  installed  in  many  buildings  where  power  machinery  ia  used.  Motorsan 
Tatedinhorsepowerorkilowatt8,the  rating  being  the  full  load  output.  Since  motorsnever  have 
an  efficiency  of  100%,  the  current  intake  of  the  motors  will  always  be  higher  than  that  indi- 
cated by  the  rating.    To  convert  the  horsepower  rating  into  watts,  multiply  by  746. 
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lUustratiTe  Problem. — What  is  the  current  intake  of  a  25-hp.  220-volt  d.-c.  motor  whose  efficiency  is  85  %  7 
1  hp.  -  746  watts.     25  hp.  -  (25)  (746)  -  18.650  watts. 

18.650       „,  «,«       _        ^  ,       watts        21.940       ^^  _        ,^ 

'  21.940  watts.     Current  -  — jr-  -       '  -      -  99.7  or  100  amperes. 


Watts  intake 


0.85 


volts 


220 


The  following  table  gives  the  full  load  currents  taken  by  d.-c.  motors  of  the  more  common 
sizes  and  voltages,  together  with  other  useful  data. 


Wiring  Tablb  for  Direct-current  Motors 


Horse- 
power 

Voltage' 

Approx. 

full-load 

current 

Size  of 
fuses 

Size  of 
switch 

Size  of  wire.' 

B.  &8. 

gage 

Horse- 
power 

Voltage' 

Approx. 

full-load 

current 

Size  of 
fuses 

Size  of 
switch 

Size  of  wire, 

B.  AS. 

sage 

Vx 

110 
220 
500 

2.4 
1.2 
0.5 

6 
3 

1 

10 
5 
5 

1 
14 
14 
14 

30 

110 
220 
500 

232.0 

116.0 

50.8 

300 
150 

70 

300 

150 

75 

300.000 

00 

3 

>i 

110 
220 
500 

4.8 
2.4 
1.0 

6 
4 
2 

10 
5 
5 

14 
14 
14 

35 

110 
220 
500 

270.0 

135.0 

59.2 

350 

175 

75 

400 

200 

75 

450.000 

000 

3 

1 

110 
220 
500 

8.4 
4.3 
1.8 

12 
6 
3 

15 

10 

5 

14 
14 
14 

40 

110 
220 
500 

310.0 

155.0 

67.8 

400 

200 

00 

400 
200 
100 

500.000 

200.000 

2 

2 

110 
220 
500 

17.0 
8.5 
3.7 

25 

12 

5 

25 

15 

5 

10 
14 
14 

50 

110 
220 
500 

377.0 

188.5 

83.0 

500 
250 
110 

500 
250 
100 

700.000 

250.000 

1 

2H 

110 
220 
500 

20.0 

10.0 

4.4 

25 

15 

6 

25 
15 
10 

10 
12 
14 

60 

110 
220 
500 

452.0 

226.0 

90.5 

550 
300 
125 

600 
300 
150 

900.000 

350.000 

0 

3 

110 
220 
500 

24.0 

12.0 

5.3 

30 

15 

8 

30 
25 
10 

8 
12 
14 

70 

110 
220 
500 

528.0 
264.0 
116.0 

660 
325 
150 

600 
300 
150 

1.000.000 

400.000 

00 

3>i 

110 
220 
500 

28.0 

14.0 

6.0 

35 
20 
8 

35 
25 
10 

8 
12 
14 

75 

110 
220 
500 

568.0 
284.0 
124.0 

710 
350 
150 

800 
400 
150 

1.200.000 

460.000 

00 

5 

110 
220 
500 

40.0 
20.0 

8.8 

50 
25 
12 

50 
25 
15 

6 
10 
14 

80 

110 
220 
500 

604.0 
302.0 
133.0 

755 
375 
175 

806 
400 
200 

1.300.000 

500.000 

000 

7H 

110 
220 
500 

60.0 
30.0 
13.5 

75 
40 
18 

75 
50 
15 

3 
8 
12 

90 

110 
220 
500 

680.0 
340.0 
149.0 

850 
450 
200 

800 
400 
200 

1.500.000 
600.000 
200.000 

10 

110 
220 
500 

80.0 
40.0 
17.5 

100 
50 
25 

100 
50 
25 

1 

5 

10 

100 

110 
220 
500 

746.0 
373.0 
164.0 

933 
450 
200 

1000 
400 
200 

1.700,000 
600,000 
200.000 

15 

110 
220 
500 

120.0 
60.0 
26.3 

150 
75 
35 

150 
75 
30 

00 
3 

8 

125 

110 
220 
500 

934.0 
467.0 
205.0 

1168 
600 
250 

1300 
600 
300 

2.106.500 
900.000 
.250,000 

20 

110 
220 
500 

154.0 
77.0 
34.0 

200 

100 

45 

200 

100 

50 

0000 
0 
6 

150 

110 
220 
500 

1106.0 
553.0 
245.0 

1383 
601 
300 

1200 
600 
300 

2,400.000 

1.100,000 

360,000 

25 

110 
220 
500 

192.5 
96.3 
42.4 

250 

125 

60 

250 

150 

75 

250.000 
0 
5 

1  1 10-volt   data  applies  to  voltacet  of  from 
100  to  125  volts,  220-volt  daU  to  200  to  250  voUii 
and  500-volt  data  to  «»^  \a  V!l^  ^«\N». 
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15.  Alternating-current  Generators. — ^Alternating-current  generators  are  olaased  as  aingfe- 
phaae,  two-phase  or  quarter-phase,  and  three-phaae.  The  first  and  last  mentioned  are  the 
most  common.  The  single-phase  generator  has  a  continuous  winding  on  the  armature  in  which 
there  is  developed  a  single  current  which  fluctuates  as  described  in  Art.  12.  The  mngle-pluM 
generator  supplies  current  to  either  a  two-wire  or  a  three-wire  circuit. 

A  two-phase  generator  haa  two  sets  of  coils  on  the  armature.  These  coila  are  located  so 
that  when  the  current  in  one  set  is  a  maximum,  that  in  the  other  set  is  zero,  and  vice  vena. 
They  are  the  equivalent  of  two  single-phase  generators  whose  currents  differ  in  phaae  by  one* 
quarter  of  a  period.  Two-phaae  generators  supply  current  to  four-wire  circuits.  Sometinui 
two-phase  currents  are  distributed  by  three-wire  circuits. 

A  three-phase  generator  has  three  sets  of  coils  on  the  armature.  The  coila  may  be  eon- 
nected  so  aa  to  form  a  closed  circuit  (delta  connection),  or  the  three  sets  may  have  one  end  of 
each  set  connected  to  a  common  point  (Y  connection).  The  currents  in  these  sets  of  coila  differ 
in  phase  by  one-third  of  a  period.  Three-phase  generators  are  commonly  used  for  generating 
currents  for  power  purposes  and  supply  current  to  three-,  four-  or  six-wire  circuits. 

Alternating-current  generators  are  rated  in  kilovolt-amperes,  kv-a.  The  output  in  waiti 
is  equal  to  the  kilovolt-amperes  multiplied  by  the  power  factor  of  the  load  circuit.  The  power 
factor  is  determined  by  the  characteristic  of  the  load  and  may  have  any  value  from  0  to  1.  The 
power  factor  of  direct-current  circuits  is  1.  The  alternating  current  taken  by  any  receiving 
circuit  or  energy-consuming  device  can  not  be  calculated  from  the  pressure  and  current  aJone^ 
but  the  power  factor  must  also  be  known.  If  we  represent  the  current  output  of  an  alternator 
by  /,  the  e.m.f.  between  line  wires  by  Ey  and  the  power  factor  by  K,  then  the  power  output  of 
the  three  types  of  generators  is  given  by 

Single-phase  power  =  KEI 
Two-phase  power     =  2KEI 
Three-phase  power  =  1.7S2KEI. 

lUustratiTe  Problem. — A  single-phase  generator  supplies  150  amperes  to  a  circuit  at  550  volts.  What  po««r  ii 
supplied  to  the  circuit  if  its  power  factor  is  0.757 

Power  -  KB  J  watts.     K  -  0.75.  E  -  550.  and  /  -  150. 

.".Power  -  (0.75)(160)(550)  -  61,876  watts  -  61.875  kw. 

IHustratiye  Problem. — The  line  voltage  of  a  three-phase  generator  is  2300  volts;  the  line  current  is  50  ampens 
How  much  power  is  it  supplying  if  the  power  factor  of  the  load  is  0.807 

Power  -  1.732X1?/.     K  -  0.80.  B  -  2300.  and  7-50  amperes. 

.'.Power  -  (1.732)(0.80)(2300)(50)  -  159.344  watts  -  159.344  kw. 

16.  Alternating-current  Motors. — There  are  several  types  of  a-c.  motors  in  common  use, 
the  distinction  between  them  being  due  to  their  construction  and  manner  of  operation.  TTie 
more  common  types  are: 

(a)  Single-phase  Series  Commutator  Motors, — These  arc  practically  the  same  as  d.-e.  aeries 
motors  in  general  features  of  construction  and  are  supplied  by  two-wire  circuits. 

(b)  Synchronous  Motors. — These  are  practically  the  same  as  a.-c.  generators,  but  instead  of 
developing  alternating  current,  they  are  driven  by  it.  They  are  essentially  constant  speed 
machines. 

(c)  Induction  Motors, — These  are  the  most  common  type  of  a.-c.  motors.  The  essential  fea- 
tures of  thia  type  of  motor  are  a  stationary  winding  and  a  short-circuited  rotary  winding.  When 
an  alternating  current  is  passed  through  the  stationary  winding  a  revolving  magnetic  field  is 
produced.  This  revolving  magnetic  field  develops  a  current  in  the  rotating  element  and  a  drag 
results,  causing  the  rotary  element  to  turn.  Induction  motors  are  made  for  single-phase  and 
polyphase  currents. 

The  current  intake  of  an  induction  motor  varies  considerably  with  the  load.  The  smaller,  up  to  25  hp.* 
induction  motors  are  commonly  started  by  connecting  them  directly  across  the  line.  The  starting  current  is  thia 
from  one  to  3.5  times  the  full-load  current  depending  upon  the  sise  of  the  motor.  Provision  must  be  made  for  thii 
when  wiring  for  such  motors. 

Table  on  p.  1304  gives  the  currents  for  induction  motors  of  different  sixes. 

Switches  should  have  a  rated  capacity  at  least  as  large  as  the  rated  capacity  of  the  fuse  protecting  the 
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circuit  is  protected  by  a  circuit  breaker,  the  switch  should  have  such  capacity  that  the  breaker  wiU  be  set 
ed  by  a  current  not  greater  than  30  %  in  excess  of  the  current  rating  of  the  switch. 

Household  Appliances. — Owing  to  their  convenience,  the  use  of  household  appliances 
y  extending.  The  following  table  gives  the  powers  consumed,  the  current  intake,  the 
onnecting  wires  and  other  useful  data  for  many  domestic  and  commercial  appliances: 


Appliances 


Watts 
consumed 


Amperes  at 
110  volts 


Sise  of  wire 
(rubber  covered) 


Fuse 
(amperes) 


3  It 

dishes,  3  It 

hters 

ercolators  for  6  in.  stove 

jpers 

iron  heaters 

>oilers  for  6  in.  3  It.  stove. ... 

-3  1b 

-4  1b 

-6  1b 

-6  lb 

-7.5  lb 

—9  1b 

ettles,  8  in.  diam 

3ake  cookers,  9  X  12  in.,  3  It.  . 
cake  cookers,  12  X  18  in.,  3  It 

pads 

neous  flow  water  heaters 

milk  warmers 

rmers 

s 

Three  heats,  4  to  6  people. . . 
Three  heats,  6  to  12  people. . 
Three  heats,  12  to  20  people. 

mugs 

;>lain)  4.6  in.,  3  ht 

plain)  6  in.,  3  ht 

;>lain)  7  in.,  3  ht 

;>Iain)  8  in.,  3  ht 

plain)  10  in.,  3  ht 

plain)  12  in.  3  ht 

aveler's 

,  9  X  12  in.,  3[ht 

,  12  X  18in..3ht 

sal.,  3  ht 

jal.,  3ht 

sal.,  3  ht 

sal.,  3  ht 

ons,  2  waflSes 

'ons,  3  waflSes 


300  to  1200 
200  to  600 

76 
100  to  440 

300 
60 
100  to  440 

276 

360 

400 

476 

640 

610 

826 
330  to  880 
600  to  1600 

60 

2000 

460 
1200  to  1600 

300 

700  to  6000 

1000  to  4616 

1100  to  6260 

2000  to  7200 

160 
60  to  220 
100  to  440 
120  to  000 
166  to  826 
276  to  1100 
326  to  1300 

300 
330  to  880 
600  to  1600 
110  to  440 
220  to  660 
330  to  1320 
400  to  1700 

770 

1160 


3  to  11 
1.8  to  4.6 
0.7 
1  to4 
2.7 
0.6 
1  to4 
2.6 
3.2 
3.6 
4.3 
4.9 
6.6 
7.6 
3  to8 
4.6  to  13.7 
0.6 
18.2 
4.1 
11  to  13.7 
2.7 
6.4  to  66 
9.1  to  41 

10  to  47.6 
18.2  to  66.6 

1.4 
0.46  to  2 

1  to4 
1.1  to6.6 
1.6to7.6 
2.6  to  10 
2.96  to  12 
1.82 
3to8 

4.6  to  14 
1  to4 
2tod 
3  to  12 

3.7  to  16.6 

7 
11 


14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

12 

14 

14 

14 
14  to  4 
14  to  6 
14  tod 
12  to  4 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 
14  to  12 

14 

14 


6  to  16 
6 
3 
8to6 
6 
8 
3tod 
6 
6 
6 
6 
10 
10 
10 
10 
6  to  16 
3 
26 
6 
16 
6 
10  to  76 
10  to  50 
10  to  60 
20  to  70 
3 
3 
6 
6 
3  to  10 
3  to  10 
6  to  16 

3 
6  to  10 
6  to  16 
6 
6 
6  to  16 
6  to  20 
10 
16 


Interior  Wiring. — Electrical  energy  for  lighting  and  power  is  conveyed  into,  and  dis- 
throughout,  buildings  by  means  of  insulated  wires. 

general,  wiring  systems  may  be  classified  in  accordance  with  the  kind  of  current  they 
[lat  is,  direct  or  alternating.  For  low-voltage  interior  circuits  there  is  little  difference 
w'o  systems.  Another  classification  is  based  on  the  number  of  wires  used  in  a  circuit, 
ig  to  this  classification  we  have  two-wire  and  three-wire  systems.  The  two-wire  S3rs- 
f  be  either  a  series  or  parallel  system.  It  consists  essentially  of  two  wires  by  which  the 
passes  to  and  from  the  lamps  or  other  energy-consuming  devices.  Fig.  4  is  a  dia- 
a  two-wire  parallel  wiring  system.    Two-wire  circuits  may  be  supplied  by  direct  cur- 
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rent  or  by  alternating  current.  The  alternating  current  may  be  supplied  by  a  single-pbua 
generator  when  the  circuits  are  as  shown  in  Fig.  4,  or  the  source  may  be  a  two-phase  or  thw*- 
phase  generator.    When  polyphase  generatois  are  uded  for  supplying  energy  to  two-wire  circuiti, 


the  connections  are  made  as  shown  in  Fig.  5.     For  satisfactory  operation  the  load  in  each  phait 
should  be  approximately  the  same. 


19.  Thnn-wlre  Systems. —As  already  explained,  three-wire  systems  are  deeiioted  to 
the  use  of  higher  voltages  with  low-voltage  lamps.    The  source  of  energy  tor  t, 
■yst«m  may  be  either  a  three-wire,  d.-o.  generator  or  a  two-wire  d.-c.  generator  with  a;. 
'  MUncer  B^<  '  fig.  3  shows  the  connections  for  a  three-wire  circuit  supplied  by  two  t^V^Ak 
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KCnerators  giving  double  the  voltage  of  the  lamps.     When  the  loads  between  tlie  outside  wires 
and  the  middle  or  mutual  wire  are  equal,  the  system  is  said  to  be  balanced.     When  this  condi- 


tion is  fulfilled,  the  middle  wire  carries 
trai  wire  carries  the  excess  of  current  ii 


current;  when  this  condition  is  not  fulfilled  the  ni 
e  outside  wire  above  that  in  the  other  outside  wi 


Three-wire  circuits  are  also  supplied  by  single-phase  and  polyphase  altemating-.current 
generators  through  transformers.    A  single-phase  three-wire  circuit  is  shown  in  Pig.  6. 
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from  the  three-wire  eircuit  deseribed  above,  in  that  it  eaeentaany  oonsists  of  three  two-wire  eirooHa  that  are  iettt- 
oozmected.  The  energy  is  eiippUed  and  distributed  by  three  wires  but  the  circuits  are  so  oonnaeted  that  any  win 
may  be  considered  as  the  return  wire  for  either  of  the  other  two.    Sudi  a  ssrstem  is  shown  in  Flan.  7  and  ft. 

20.  Calculation  of  D-C.  Circuits. — Most  electrica]  energy-utilizing  devices  are  built  son 
to  operate  satisfactorily  at  a  constant  voltage.  This  necessitates  that  the  wires  along  whidi 
the  energy  is  supplied  be  of  proper  sice.  There  are  two  conditions  that  determine  the  pix>per  aiie 
of  wire;  one  is  the  voltage  drop,  and  the  other  is  heating.  The  safe  current  carrying  capacity 
of  wires  la  given  in  following  table. 


Table  of  Allow ablb  Carrtinq  Capacitibs  of  Wires 


B.  A  8.  sage 

Diameter  of  solid 

wire  in  mils 
(1  mil  -  0.001  in.) 

Area  in  circular 

Rubber  insulation 

Other  insulation 

number 

mils 

(amperes) 

(amperes) 

18 

40.3 

1.624 

3 

6 

16 

50.8 

2,583 

6 

10 

14 

64.1 

4.107 

15 

20 

12 

80.8 

6.530 

20 

25 

10 

101.9 

10.380 

25 

30 

8 

128.6 

16.510 

35 

60 

6 

162.0 

26.250 

50 

70 

5 

181.9 

33.100 

55 

80 

4 

204.3 

41.740 

70 

90 

3 

229.4 

52.630 

80 

100 

2 

257.6 

66.370 

90 

125 

1 

289.3 

83.690 

100 

150 

0 

325.0 

105.500 

125 

200 

00 

864.8 

133.100 

150 

225 

000 

409.6 

167.800 

175 

275 

200.000 

200 

300 

0000 

460.0 

211.600 

225 

325 

300.000 

275 

400 

400.000 

325 

500 

500.000 

400 

600 

600,000 

450 

680 

700.000 

500 

760 

800.000 

550 

840 

900.000 

600 

920 

1.000.000 

650 

1.000 

1.100.000 

690 

1.080 

1.200.000 

730 

1.150 

1.300.000 

770 

1.220 

1.400.000 

810 

1.290 

1.500,000 

850 

1.360 

1.600.000 

890 

1.430 

1.700.000 

930 

1.400 

1.800.000 

970 

1.550 

1.900.000 

1.010 

1.610 

2.000.000 

1,050 

1.670 

21.  Wire  Measurements. — The  units  for  measuring  wire  are  the  foot,  mil,  and  circular  mil 
The  mil  is  Kooo  hich  and  is  used  in  measuring  diameter  of  electrical  conductors.  The  circular 
mil  is  the  area  of  a  circle  one  mil  in  diameter  Since  areas  of  circles  are  to  each  other  as  the 
squares  of  their  diameters,  the  area  of  any  circular  cross  section  in  circular  mils  is  equal  to  the 
square  of  the  diameter  in  mils.  Thus  a  wire  of  Ko-in.  diameter  has  a  cross-sectional  area  of 
100  X  100  =  10,000  cir.  mils.  To  facilitate  the  determination  of  the  proper  size  of  wire,  tables 
have  been  prepared  giving  the  gage  numbers,  diameter,  cross-sectional  area,  resistance  per  1000 
ft.  at  different  temperatures  and  other  data  depending  upon  the  completeness  of  the  tabks. 
A  practical  table  is  the  following: 
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Eosliih  Uc^d.  Americnn  Win  Qm*  (B.  A  K) 


OiunitoT  ix 

CroMHction 

OhmtiKr 

1000  f«t 

PoUD<kp« 

CsceNq 

mill 

ClreuUrmil. 

Squua  lndbr* 

2B"C. 

00*  c. 

1000  tMt 

(-77-*.) 

(-  149*  F.) 

0000 

4(10-0 

212,000  0 

0  100 

0  osoo 

0,0577 

041  0 

ooo 

0.132 

0,0630 

0.0728 

008 

0 

00 

30S.O 

133 

000.0 

0-106 

0  0795 

32&.0 

loe 

000.0 

0  0829 

0.100 

0.110 

310 

0 

83 

0,0667 

0,120 

2S3 

258.0 

00 

400,0 

O.0S21 

0.159 

0.1B4 

201 

0 

239.0 

S2 

000. 0 

0.0413 

0,201 

0.333 

ISO 

0 

700  0 

0  0323 

0.263 

0.293 

182. D 

33 

100.0 

0.02S0 

0.320 

0.369 

100 

0 

1S2.0 

300.0 

0,0206 

0.403 

0  406 

79 

144,0 

800.0 

0,0104 

o!5B7 

A3 

128.0 

IS 

BOO.O 

0,0130 

0-041 

60 

114.0 

13 

100,0 

0  0103 

0.808 

0.933 

3S 

102,0 

IC 

400.0 

31 

91.0 

230-0 

0.00047 

1.2B 

1    48 

24 

Bl.O 

6 

630.0 

0.00613 

1.82 

1  87 

19 

72.0 

3.30 

16 

H.D 

* 

110.0 

0.00323 

2,68 

a. 97 

12 

BT,0 

3 

200.0 

0.00256 

3.2S 

3  75 

e 

86 

4. OS 

7 

S3 

ifi.a 

2 

060.0 

0.00101 

5  10 

6.00 

30 

40.0 

, 

620.0 

0.00128 

6.61 

7  53 

4 

93 

8.21 

20 

32.0 

1 

020,0 

0  000SO2 

10.4 

13,0 

3 

09 

21 

28. S 

810.0 

0  000030 

13.1 

16  1 

2 

46 

23 

22,6 

£09.0 

0,000400 

20.8 

24^0 

1 

84 

21 

20.1 

404.0 

0.000317 

20.2 

30  2 

, 

22 

320.0 

33.0 

38  1 

20 

15,0 

2M.0 

0,000200 

41.0 

48.1 

0 

760 

27 

14-2 

202.0 

0.00015B 

63,  B 

00  a 

0 

610 

2B 

180,0 

0.00012S 

00.2 

TO- 4 

29 

11,3 

127.0 

0  0000095 

83-6 

90.4 

0 

384 

30 

10.0 

101.0 

0,0000788 

lOS.O 

123  0 

S0« 

8.B 

70,7 

163.0 

0 

341 

32 

S.O 

63.2 

0.00004IH 

107,0 

0 

ISl 

33 

7,1 

SO  1 

D.OOOOStM 

211,0 

344,0 

(J 

163 

3* 

307.0 

0 

12C 

as 

s.e 

31, S 

0.0000248 

336,0 

0064 

39 

CO 

21.0 

o.ODootoe 

423.0 

489,0 

0 

07S7 

37 

4.S 

0 

OGCO 

3S 

*.o 

IB. 7 

0. 0000133 

673.0 

777. 0 

3D 

3.6 

12.5 

0  000009S 

Ma,o 

\       OTO.tt 

\        \sw>m 

10 

3.1 

9.S 

0.0000078 

\     WtJO.U 

\     VlAO.<i 

\    '""■ 

■      - 
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22.  Calctilation  of  Voltage  Drop. — The  resistance  of  any  conductor  is  given  by 

in  which  r  is  the  resistance  of  a  wire  of  unit  length  and  unit  cross  section  (these  units  are  usually 
one  foot  and  one  circular  mil),  /  is  the  length  of  the  conductor  in  feet,  and  A  its  cross  section  in 
circular  mils.     For  copper  conductors  at  a  temperature  of  25  deg.  C.  or  77  d^.  F.,  r  is  10.5  ohmi. 

Er 
By  Ohm's  law,  iJ  =  -y ,  in  which  Er  is  the  voltage  drop  when  a  current  of  /  amperes  is  flowing. 

Substituting  -j  for  R  we  have  -^  =     j    ,  and  Er  —  — -j —    That  is,  the  voltage  drop  is  equal 

to  10.5  times  the  product  of  the  current  in  amperes  and  length  of  wire  in  feet  divided  by  tiie 
cross-sectional  area  of  the  conductor  in  circular  mils. 

The  total  length  of  wire  in  a  circuit  is  usually  twice  the  distance  between  the  point  where 
the  energy  is  generated  and  where  it  is  utilized.     The  circuit  voltage  drop  is  then 

_        105/  X  21 

where  I  is  the  distance  one  way. 

In  case  the  permissible  voltage  drop  and  current  are  known,  then  the  sise  of  wire  that 
may  be  used  is  obtained  by  solving  the  above  equation  for  A,  thus 

10.5  X  21 

^-—eT- 

Again  it  may  be  desirable  to  know  the  permissible  current  for  a  given  line  drop.     Solving 
for  /  we  have 

r  =  ^ 

211 
In  a  similar  manner  the  length  of  wire  for  a  given  line  drop  and  size  of  wire  Ls  given  by 

1051 
The  length  of  circuit  is  plainly 

AEr 


I  = 


21/ 


The  total  current  in  a  circuit  may  be  found  by  adding  the  watts  consumed  at  each  outlet  and 
dividing  this  sum  by  the  prescribed  voltage  at  each  outlet.     Thus 

,  ^  Watts 

volts 

B 

The  line  drop  Er  is  always  some  proportionate  part  of  the  line  voltage  Ey  and  the  ratio  n^  may 

be  expressed  as  a  percentage  of  the  line  voltage.     Thus  line  voltage 

p  =  1^  X  100,  whence  Er  =-^ 

Sometimes  it  is  desirable  to  determine  the  proper  size  of  wire  in  terms  of  the  power  transmitted. 
This  can  readily  be  done  as  follows:  In  d.-c.  circuits  the  power  is  given  by 

W  --  I  XE 

But 

.       105  X  121 

^^—eT- 

Hence 

105X/X-K2/       10.5  XTF2 


ErXE  ErE 

If  the  power  W  is  expressed  in  kilowatts,  it  will  have  to  be  multiplied  by  1000  to  reduce  it 


A- 

Er 

Er~ 

10.5  I  X2l 

A 

A  - 

10.57  X  22 

Er 

/  - 

AEr 

10.5  X  21 

22  - 

AEr 

10.5/ 

{  - 

AEr 

21/ 

Er   - 

100 

A  - 

10.5 IT  X  22 
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to  watts  before  substituting  in  above  equation.     For  convenience  of  reference  the  foregoing 
formulas  are  collected  together  as  follows: 

(1) 

(2) 
(3) 
(4) 
(5) 
(6) 
(7) 

ErE  <« 

The  letters  in  the  above  formulas  have  the  following  significance: 
A  —  sixe  of  wire  in  circular  mils. 
E  «>  voltage  of  circuit. 

Er  =  line  drop  in  volts  (voltage  drop)  due  to  resistance. 
/  »  current  flowing  in  wire  in  amperes. 
2  —  length  of  circuit  or  line  (one  wire)  in  feet. 
2/  —  total  length  of  wire  in  feet. 
P  —  voltage  drop  in  per  cent  of  line  voltage. 
R  »  resistance  of  wire  in  ohms. 
W  -  total  watts  delivered. 

Illustrative  Problem. — Given  a  current  of  125  amperes  and  a  line  drop  of  8  volts,  determine  the  resistance 
of  the  line.  , 

iJ  -  :^  -  -|-   -  0.004  ohm 

niastrative  Problem. — A  circuit  400  ft.  long  is  composed  of  No.  8  wire;  what  will  be  the  drop  when  50  amperea 
are  flowing  through  the  circuit? 

The  cross-sectional  area  of  No.  8  A.  W.  G.  wire  is  16,500  mils.     Then  by  Formula  (2) 

_         10.5  /  X  22 

iSr  ^    


A 
_  (10.5)  (50)  (2)  (400) 

16,500  . 
—  25.5  volts,  nearly. 

Illustrative  Problem. — What  should  be  the  cross-seotional  area  of  the  wire  in  the  preceding  problem  if  the 
voltage  drop  is  13.1  volts? 

10.5/  X  22 

**"  Er 

^  (10.5)  (50)  (2)  (400) 
13.1 
—  32,100  oir.  mils,  nearly. 

Illustrative  Broblem. — What  current  may  be  delivered  over  a  line  one  mile  long  consisting  of  No.  00  A.  W.  Q. 
wire  in  order  that  the  drop  shall  not  exceed  15  volts?     The  cross  section  of  No.  00  wire  is  133.000  cir.  mils. 


10.5  X  22 
(133.000)  (15) 
■  (10.5)  (2)  (5280) 

—  18  amperes,  nearly. 

Illustrative  Problem. — What  is  the  maximum  length  of  circuit  that  can  be  made  with  a  No.  000  A.  W.  G. 
copper  wire  allowing  a  drop  of  25  volts  with  a  current  of  75  amperes?  The  cross  section  of  No.  000  wire  is  108,000 
cir.  mils. 

AE' 
■  21/ 
(168.000)  (25) 

(21)  (75) 
-  2666  ft. 
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niiurtntiT«  Problem^ — Giyen  a  Una  yolUce  of  600  volts,  what  is  the  smaUMt  wire  that  amy  be  «Md  te>  a  iih 

ouit  of  1000  ft.  in  length,  to  carry  60  amperes  at  a  10%  line  loss? 

*'      100 
(10)  (600) 

100 
*  60  yolts 
10.5  I  X2l 


^-  Br 

(10.5)  (60)  (2)  (1000) 
60 


i-  21,0(X>  eir.  milf . 


The  smallest  wire  that  would  be  used  is  No.  6  A.  W.  G.  which  has  a  cross  section  of  26,300  eir. 

lUostratiTe  Problem. — A  two-wire  feeder  must  carry  40  kw.  a  distance  of  400  ft.  with  a  loaa  of  6  %,  the  wH- 
age  between  conductors  being  1 10  volts.     Find  the  sise  of  conductor. 

„        pB 
^'"lOO 

^  .  10.5  IT  X  21 

,   (10.5)  (40.000)  (2)  (400)^  .  ^^  ^^ 

(5.5)  (110)  ooo.wu  cir.  imui. 

28.  Center  of  Distribution. — When  service  wires  of  uniform  size  are  to  be  used  for  convey- 
ing energy  to  a  group  of  scattered  lamps,  the  size  of  wire  for  a  prescribed  voltage  drop  and  num- 
ber of  lamps  may  be  determined  by  computing  the  distance  L  to  the  center  of  distribution  of  the 
group  of  lamps  from  the  feeders,  by  the  formula 

oil  +  Ml  +  rfi  +  etc 


L  - 


a  +  6  +  c  +  etc. 


GfbfC,  etc.,  are  the  numbers  of  lamps  in  each  group  and  liyh,  s^  etc./  are  the  distances  of  the 
groups  from  the  service  point. 

niustrative  Problem. — What  is  the  aistance  of  the  center  of  distribution  from  the  service  point  for  the  gronpt 
of  lamps  125,  140  and  175  ft.  from  the  service  outlet,  the  first  group  consisting  of  50  lamps,  the  second  of 45  tampt 
and  the  third  of  30  lamps? 

all  -h  bit -h  clt 

a  +  6  +  c 

a  -  50,  6  -  45.  e  -*  30.     h  -  125,  It  -  140.  2a  -  175. 

Hence 

(50)  (125)  +  (45)  (140)  +  (30)  (175) 


L  - 


50  +  45  +  30 
-  142.4  ft. 


UlastratiTe  Problem. — What  must  be  the  sise  of  service  wires  if  the  voltage  drop  is  not  to  exceed  4  volto  iriMB 
all  the  lamps  are  turned  on,  each  lamp  taking  0.5  ampere? 

A  -   - 1^-    /  -  (0.5)  (125)  -  62.5  amperes       /  -  142.4  ft.      Er  -  4  volts 

«,..                                              '             A         (10.5)(62.5)(2)(142.4)         .« -oi.    •         -, 
Then  A  -    ^ — — ~ — — -  46,725  cir.  miU. 

24.  Parts  of  a  Circuit. — In  Fig.  9  are  shown  the  different  parts  of  a  distribution  or  supply 
circuit.  The  connection  between  the  point  of  supply  and  the  energy-consuming  device  is 
made  by  means  of  feeders,  mains  and  branches.  The  feeder  is  the  part  of  the  circuit  that 
extends  from  the  switchboard  to  the  first  distributing  center.  The  mains  are  the  supply  lines 
extending  from  the  first  distributing  center  to  panel  boxes  or  secondary  distributing  centen, 
and  branches  or  branch  lines  are  the  parts  of  the  circuit  connecting  the  individual  lamps  or 
motors  to  the  distributing  centers. 

25.  Wiring  Methods. — The  wiring  methods  commonly  used  may  he  considered  under  two 
heads,  concealed  and  open.  The  methods  employed  in  concealed  wiring  are  (1)  rigid  conduit, 
(2)  flexible  conduit,  (3)  armored  cable,  (4)  knob  and  tube. 

26a.  Rigid  Conduit. — For  interior  wiring,  electrical  conduit  is  mild  steel  pipe. 
This  is  connected  by  means  of  suitable  couplings  and  is  installed  so  as  to  make  a  continuoui 
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Mrire-way  from  outlet  to  outlet.  Wires  are  drawn  into  these  after  the  building  is  completed. 
The  conduit  may  be  run  exposed,  or  concealed  in  the  walls,  between  floors,  or  in  channels  during 
construction.     The  conduit  system  may  be  used  in  any  kind  of  building,  but  it  is  used  chiefly 

in  buildings  of  fireproof  construc- 
CufLcu^^  tion.     In  fact,  no  other  should  bo 

^^^ — M I— f— -T^  II  JJ-/flra^<Wli^  allowed  in  such  buildings.    Rules 

p    t  J  tp^l       M E  governing  the  installation  of  rigid 

n  u  conduit   and    for    grounding   the 

same  are  found  in  the  National 
Electrical  Code.     It  may  be  proper 


Fxa.  9. 
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SiZB  OF  Conduits  for  the  Installation  of  Wirbs  and  Cables 

Number  of  Conductors 


One  oonduotor 

Two  conductors 

Three  conductors 

Four  conductors 

in  a  conduit. 

in  a  conduit. 

in  a  conduit. 

in  a  conduit. 

8is6  conduit,  in. 

Siae  conduit,  in. 

Sise  conduit,  in. 

Sise  conduit,  in. 

Sue.  B.  h  S. 

Electrical  trade 

Electrical  trade 

Electrical  trade 

Electrical  trade 

•iae 

dae 

sise 

sise 

14 

yi 

•  H 

K 

K 

12 

H 

K 

K 

K 

10 

H 

H 

K 

1 

8 

H 

1 

1 

1 

6 

Vi 

1 

IK 

IK 

ff 

« 

IK 

IK 

IK 

4 

K 

IK 

IK 

IK 

3 

K 

IK 

IK 

IK 

2 

H 

IK 

IK  . 

IK 

1 

H 

IK 

IK 

2 

0 

1 

IK 

2 

2 

00 

1 

2 

2 

2K 

000 

1 

2 

2 

2K 

0000 

IK 

2 

2K 

2K 

CM. 

200.000 

IK 

2 

2K 

2K 

250.000 

IH 

2K 

2K 

8 

300.000 

IH 

2K 

2K 

3 

400.000 

IK 

8 

3 

8K 

600.000 

IH 

3 

3 

8K 

600.000 

IH 

3 

3K 

700.000 

2 

3K 

3K 

800.000 

2 

3K 

4 

• 

900.000 

2 

3K 

4 

1.000.000 

2 

4 

4 

1.250.000 

2K 

4K 

4K 

1.500.000 

2H 

4K 

5 

1,750.000 

3 

6 

5 

2.000.0U0 

3 

6 

6 
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to  mention,  however,  that  the  two  wires  of  the  same  circuit  should  always  be  drawn  into  the 
came  conduit.     This  is  especially  important  when  the  energy  or  current  supplied  is  aitemating. 

Experience  has  shown  what  size  conduit  is  best  suited  for  the  in- 
stallation of  certain  size  conductors.  The  following  table  contains 
this  data  in  tabulated  form.  Sections  of  rigid  conduits  are  shown  in 
Fig.  10. 

266.  Flexible  Conduit. — Flexible  tubes  are  made  from 
metal  or  non-metallic  material.  To  distinguish  between  the  two,  it  is 
customary  to  designate  the  former  by  the  term  flexible  conduit,  and 
the  latter  by  flexible  tubing  (Fig.  11).  Flexible  conduit  is  made  by 
winding  together  spirally  two  metal  strips  in  such  a  manner  that  they  interlock  at  the  edges 
forming  a  smooth  and  comparatively  frictionless  surface  inside  and  out.  Single  strip  flexible 
conduit  is  also  on  the  market.  The  advantages  claimed  for  this  metal  tube  are  flexibility, 
continuity,  mechanical,  strength  and  ventilation. 

For  sixes  not  greater  than  No.  10  B.  ft  S.  sage,  one  more  conductor  than  permitted  by  the  above  table  may  be 
nstalled  in  the  specified  conduit,  provided  the  conduit  is  not  longer  than  30  ft.,  and  has  not  more  than  the  equivir 
lent  of  two  quarter  bends  from  outlet  to  outlet,  the  bends  at  the  outlets  not  being  counted. 

Conductor  Convebtiblb  System 


Sise  of  conductors 

Sise  conduit,  in. 

B.  ft  S.  gage 

Electrical  trade  sise 

• 

two            14  and  one               10 
two           12  and  one                8 
two           10  and  one                 6 
two             8  and  one                4 
two            6  and  one                2 
two             6  and  one                 1 
two             4  and  one                0 
two             3  and  one              00 
two             2  and  one            000 
two             1  and  one         0,000 
two             0  and  one     250.000 
two           00  and  one     350.000 
two         000  and  one     400,000 
two      0.000  and  one     550,000 
two  250,000  and  one     600.000 
two  300,000  and  one     800,000 
two  400,000  and  one  1,000,000 
two  500,000  and  one  1.250.000 
two  600.000  and  one  1,500,000 
two  700,000  and  one  1.750.000 
two  800.000  and  one  2.000.000 

H 

1 

1 

IH 

IH 

IH 

IH 

m 

2 

2 

2H 

2H 

3 

3 

3 

3H 

4 
4 

4H 
4H 

NoTB. — Where  special  permission  has  been  given  the  following  table  may  apply. 

Single  CJonductor  Combination 


No.  of  wires 

10  No. 

14  R. 

C. 

solid 

18  No. 

14  R. 

C. 

solid 

24  No. 

14  R. 

C. 

solid 

40  No. 

14  R. 

C. 

solid 

74  No. 

14R.C. 

solid 

©ONo. 

14  R. 

C. 

solid 

Sise  conduit,  in. 
Electrical  trade 
1 
IK 

IH 

2 

2H 
3 


The  flexibil'ty  of  the  conduit  permits  its  use  in  many  places  where  the  use  of  rigid  conduit  is  impraetkal 
On  this  account  it  is  used  mostly  in  buildings  where  it  is  desired  to  run  electric  circuits  after  the  eompWtioa  of  Um 
building. 


ELECTRICAL  EQUIPMENT 


.t  ft  mialDiuiD.  >nd  yet  whern  ■  ute  atid  mon  pe 
flBiible  eonduit  nuy  bfi  mdvftntar«oualy  uBed. 
aduit  that  apply  in  the  eaae  ol  ricid  conduit. 


t^^^^if;^ 


21k.  Armorsd  Cable. — The  casing  of  an  arinoi«d  cable 

ia  very  eimilar  to  the  flexible  conduit  just  explained.    Steel  armored 

cable  ia  distinguished  from  flexible  conduit  by  havii^  the  conduit  

made  over  the  conductors  bo  that  both  conduit  and  conductors  may    J^^d^J^YYXVS 

be  installed  at  the  same  time.     Fig.  12  shows  the  general  appearance 

of  such  a  cable.     In  certain   cases,   specified  in  the  code,  the  cable 

muBt  have  a  lead  covering  placed  between  the  outer  braid  of  the  conductors  and  the  steel  armor. 
2Sd.  Flexible  TubloE. — Flexible  tubing  ia  distinguished  from  flexible  conduit  in 

that  the  tube  is  made  of  fibrous  material.  Flexible  tubing  is  used  mainly  in  conjunction  with 
knob  and  tube  work  in  places  where  the  knobs 
or  tubes  do  not  furnish  sufficient  protection  and 
where  the  rules  require  additional  safeguards. 
As  a  separate  method  of  wiring,  the  flexible  tube 
ia  very  little  used,  and  its  use  in  place  of  the 
other  methods  mentioned  should  be  dis- 
couraged. 

ite.  Knob  and  Tube  Wiring. — 
The  most  common  method  of  wiring  for  frame 
buildings  during  the  process  of  construction  ia 
the  knob  and  tube  method.  As  the  name  indi- 
cates, the  wires  are  run  on  knobs,  and  where 
they  pass  through  timbers,  additional  inauUtion 
is  provided  by  porcelain  tubes.  In  this  method 
of  wiring  the  conductors  are  run  concealed  be- 
tween floors  and  partitions;  when  the  conduc- 
tors run  parallel  to  the  joists  and  in  vertical 

runs,  knobs  attached  to  the  timbers  by  screws,  or  nails  and  leather  heads  are  used ;  and  when 

the  conductors  pass  through  partitions  or  timbers,  tubes  are  first  inserted.     Fig. 13  shows 

the  general  appearance  of  a  knob  and  tube  installation. 

Solid  knoba  were  formerly  used  exclusively  but  have  been 

almoat  entirely  displaced  by  split  knobs  such  as  are  shown  in 

Fig.  14,  in  which  is  also  shown  a  porcelain  tube  and  cleat. 

36.  Protection  of  Circuits. — The  energy  is  supplied  to  the 
building  by  two-  or  three-wire  service  mains.  At  the  point  of 
entrance,  or  as  near  as  possible  at  the  point  ct  entrance,  and 
inside  of  the  walls,  automatic  cut-outs  must  be  installed  and 
arranged,  to  cut  off  the  entire  current  from  the  building. 
These  cut-outs  maybe  fuseaor  automatic  circuit  breakers.  The 
kind  of  cut-out  to  install  in  any  case  will  depend  upon  the  load  | 
supplied.  Tbe  rated  capacity  of  fuses  must  not  exceed  the 
allowable  current  carrying  capacity  specified  intableon  p.  1206. 
Circuit  breakera  must  not  be  set  for  more  than  30%  above  the 
allowable  carrying  capacity  of  the  wire  unless  a  fusible  cut-out 
is  also  installed  in  the  circuit. 

37.  Fuses. — A  fuse  is  a  relatively  abort  piece  of  wire  or 
conductor,  of  relatively  low  melting  point,  whose  current  carry- 
ing capacity  is  less  than  that  of  tbe  circuit  in  which  it  is  placed. 
By  combining  tin,  bismuth,  and  lead  in  proper  proportions,  it  is  possible  to  make  alloys 
which  will  melt  at  low  temperatures.  Wires  on  strips  made  from  these  alloys  are  soldered 
between  copper  torminals  and  used  for  fuses.  The  greater  thecurrent  carrying  capacity  of  tbA 
fuse,  the  longer  is  the  time  required  for  ita  operatioa  sA  ft  ^ve&  Q>N«di»d.. 


Fio.  14. 
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In  selecting  the  proper  siie  of  fuses  to  protect  any  apparatus,  the  time  element,  ta  a- 
plained  above,  should  be  considered  in  connection  with  the  smallest  cuirent  likely  to  pravt 
dangerous. 

Since  all  motors  are  required  to  carry  momentary  overloads,  fuses  with  a  compantiniT 
lot^-time  lag  are  well  suited  for  their  protection.    The  capacity  of  the  fuse  is  usually  equal  to 

FirsB    ANn  WiKB  Sues  for  Induction   Motors  of  SquntREiMiAan  Ttpk   or   Sholu 

Trpss  Taking  Larub  Startinq  Currents 

INDUCTION  MOTORS— SmOLE  PHASE— All  Frequencies  and  Stand^d  Speadi 
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the  full-load  current  of  the  motor,  and  the  momentary  overload  of  50%  will  not  Open  the  fuse 
nor  will  it  do  any  damage  to  the  motor.  If  the  overload  continues,  the  fuse  will  open  the  circuit 
before  any  damage  can  be  done  to  the  motor. 


lotectJDC  ■IterlutiDc-cumDt  moton.  U 
l-current  moton  take  euauv*  euinat 
y  much  reduoeil.     Tbui,  fi 


itof  fiw 


•n  not  »  well  wUpted.     The  reuon  tor  Uiii  (•  that  tha 
itutlnc-     When  the  Diotor  hu  leuhed  full  ipaed,  the  est- 
OH  euirent'earryiai  etpacity  ia  equkl  to  the  tull-lond  ourreBt,  vUl  op«B 
ity  of  the  fuH  ii  aumcieatly  tarie  to  carry  the  atartini  eurraot,  it  will 
'load.     One  imy  of  overcoiniiis  tfaii  diffleultr  ia  to  uaa  twa 


o  the  I 


.*Bd 


I  ihould 


rAM-** 


When  an 
The 


Fla.  IS. 


t  having  a  capacity  equal  I- 
lat  to  the  running  current.     Baeh  wt  ol  lOM*  (hould  be  c< 
viCeh.     On  atarting,  th«  awiteh  in  aerica  with  the  "runn 

I  cloaed  after  the  motor  haa  come  up  to  apeed.  when  the  other  switch  ii  opeac 
.n  HiT&ngemBnt  ia  used,  &  mueh  better  protection  ia  given  to  the  motor, 
lea  livaD  frboTa  prepared  by  a  ooramittee  of  the  Wefltern  Aieociation  of  Electric 

c.  molon  of  the  induction  type  of  all  frequenoiea,  atandard  apeedi  and  atandard  to 
uee.     Rul«  of  the  National  Electrical  Code  were  taken  into  aeeount  in  the  preparalion  . 
theae  Ublca.     The  aiaumptloD  ia  made  that  the  moton  are  to  be  atarted  under  full  load  and 
that  starting  devica  are  uied  on  moton  larger  than  5  hp.     The  qucation  of  voltage  drop  hat  not  been  Uken  Into 

A  eUndard  guarantee  of  26%  orertoad  for  2  hr,  haa  been  adopted  by  the  American  Motor  Mftnulaeturen' 
AMociation  and  thia  eioea*  current  should  be  taken  care  o(  In  the  d«j(n  of  leada  and  auiiliary  apparatui  for  motor*. 
Some  motor*  uaed  tor  intermittent  ■crrioe  require  an  overtaad  capacity  of  200%  for  a  short  period  of  tima  and  the 
moton  should  be  fused  accordingly.  For  ordinary  motor*  coming  under  the  aboTe-mentioned  guarantAOt  fUM* 
rated  at  25%  above  (be  normjj  fulMoad  eurrent  of  the  motor  ahould  be  used  which  will  inaure  the  opening  of  the 

be  uaed  on  motor*  of  intermittent  rating,  such  aa  variable  speed  moton. 

S7a.  Enclosed  Fuses. — The  first  enclosed  fuse  was  that  designed  by  Edison  some 
30  years  ago.  In  ita  present  form  the  Edison  plug  fuse,  as  it  is  called,  consists  of  a  hollow  porce- 
lain plug  on  the  lower  outside  part  of  which  is  a  threaded  brass  ring.  One  end  of  the  fuse  wire  is 
fastened  to  this  ring  and  the  other  end  passes  through  the  bottom  of  the  plug  and  is  soldered  to  r 
small  brass  cap.     To  prevent  the  escape  of  the  hot  metal  when  the  fuse  blows,  the  plu;  is 
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doaed  by  a  piece  of  mica  held  in  place  by  a  braas  rinf;.  The  rating  of  the  fuae  is  maiked  botl 
on  the  Bmall  cap  at  tip  of  plug  and  on  the  ring  which  holds  the  mica  in  place.  The  appeuun 
of  thia  type  of  enclosed  fuse  is  shown  in  Fig.  15.  Although  this  plug  was  brought  out  MHnell 
years  ago,  tt  is  undoubtedly  used  to  a  greater  extent  today  than  any  otherform  of  enclosed  fui^ 
eepecially  on  house  lightinR  circuilB. 

3,7b.  Cartridge  Fuses. — When  the  220-volt  system  came  into  use,  it  wsa  k 
discovered  that  the  operation  of  the  Edison  plug  fuse  was  very  unsatisfactory  and  the  enclond 
cartridge  fuse  was  designed.  The  cartridge  fuse  consista  of  a  piece  of  linc-aluminum  fuaewi 
enclosed  in  an  insulating  tube,  usually  of  vulcanized  &her,  paper  or  similar  material.  The  fuM 
wire  is  surrounded  by  an  inert,  nonconducting  material  resembling  chalk.  The  ends  of  the 
fuse  arc  attached  to  copper  caps  which  fit  over  the  ends  of  the  fiber  tube.  Fig.  16  shows  thi 
arrangement  of  the  various  parts.  When  a  fuse  of  thia  type  it 
P^^^^T^  blown,  the  formation  of  an  arc  is  prevented  by  the  filling  within 

■™"^^*"*"  the  tube.     In  most  cases,  this  prevention  is  purely  mechanicaL 

hut  in  some  makes  of  cartridge  fuaea,  there  is  a  chemical  actioa 
p^^^^^S^^&S  between  the  filling  material  and  melted  fuse;  in  other  eassi  » 

fc*(^|W'li"-tia'  small  air  chamber  surrounds  the  fuae  wire,  as  shown  in  F^ 

yft^jwB'i'ifey  -^rtAjmijr  16.    Experience  and  tests  have  shown  that  the  cartridge  type 

- —  ^*    of  fuse  is  far  more  accurate  and  fuses  melt  more  nearly  at  the 
proper  point  than  any  other  type  ot  fuse.     Some   other  ad- 
vantages aie  its  case  in  manipulation,  range  of  voltAge,  and 
Fia.  la,  freedom  from  the  influence  of  air  currents. 

Staodard  dimeiuioiu  bdiI  tnl  rniuircnivaia  have  bnD  preiwrHl  toi  230-  Bntl  SOOvolt  tnaea  TIi«ae  raqAr 
nicnti  i»  liven  in  thr  Nillonsl  Electric  Code.  The  dimenfiaiu  of  fuH*  have  btta  carclullr  workM  out  mai 
■re  u  BQiBll  u  it  is  ufs  to  Rikkc  them.  HUndard  fum  an  now  niadi>  by  all  th«  principal  Iuk  manutacturan  and 
■TF  interchangeable  in  all  National  Electric  Code  Mandacd  fuse  biueiu  of  corrMponding  npacitr-  Tlw  oh  of 
fUHB  of  apeeial  dimenaiona  and  ptrtieularly  those  smaller  than  the  standard  should  be  discouraged. 

The  National  Code  divides  encloei^  [uses  into  clasgrs  according  to  the  voltage  and  amper«  eap«citT  aad 
specifies  the  dimensions  tor  each  rlass  so  that  H  given  (lue  can  lie  used  only  in  a  fuic  block  of  it*  class.  Ths  (dsb 
are  taled  so  that  Ihey  will  carry  lO'i  overload  indrliaitely  and  will  open  at  2,1%  overload. 

The  lemile  conUct  is  usi>d  on  fuses  up  to  00  aoipeTes  capacity  and  knifc-blado  contacts  are  UmaA  el  lailB 
capacity.     Fig.  IT  showa  tun  block*  of  dillcrent  forma. 

S6.  Switches. — Switches  may  be  classilied  in  various  ways.  If  the  voltage  is  taken  as  the 
baais  of  classification,  we  have  the  low-voltage  and  high-voltuge  switches.  With  reference  to 
their  construction  and  operation  they 
may  be  classified  as  knife,  snap,  push 
button;  if  the  baais  of  our  classifica- 
tion is  the  number  of  line  wires  that 
can  be  opened  and  closed  by  the  open-  i 
ing  and  closing  of  the  switch,  we  have 
the  ejnglc-polc,  double-pole,  triple- 
pole,  etc.,  switches.     Again  switches 

may  be  single  throw  (S.  T.)  and  double  throw  (D.  T.)  depending  upon  the  numb^  at 
ways  in  which  they  can  be  closi'd.  The  distinction  between  knife,  snap,  and  push  button 
switches  needs  no  extended  discussion.  Singlc-pole,  double-pole,  and  triple-pole  switches  are 
distinguished  from  each  other  by  the  number  of  line  wires  that  can  be  opened  or  closed  at  once. 
Thus  a  single-pole  switch  can  be  used  in  only  one  wire  of  a  circuit;  a  two-pole,  intwowires^K 
three-pole,  in  three  wires.  Single-pole,  doublc-polc,  and  three-pole  switches  are  represented  in 
Figs.  18,  16,  and  20  respectively.  A  (louble--polc  double-throw  switch  is  shown  in  Fig.  21.  A 
double-pole  double-throw  switch  differs  from  a  single-throw  switch  in  that  two  circuitajnay  b« 
successively  connected  by  it  to  the  same  supply  circuit,  or  if  cross  connected,  the  direction  of 
the  current  may  be  reversed.  Snap  and  push  button  switches  arc  made  both  single  and  double 
pole,  but  never  double  throw.  Knife  switches  must  be  installed  in  such  a  manner  that  pmvity 
will  not  tend  to  close  the  switch,  and  both  switch  and  receiving  circuit  must  be  protected  by 
fuses  or  some  other  form  of  "cut-out. "     The  switch  should  be  so  connected  that  when  A,  il 
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open  the  blades  are  dead.  A  good  method  of  connecting  a  service  switch  to  the  line  is  8ho¥ni  in 
Fig.  22.  The  figure  shows  Edison  plug  fuses  in  the  mains.  It  is  also  clear  that  when  the  switch 
is  opened,  the  blades  are  disconnected  from  the  mains  and  can  safely  be  handled.  It  is  advisable 
to  connect  a  knife  switch  in  this  manner  whenever  possible.  Some  knife  switches  are  provided 
with  an  extra  set  of. jaws  to  which  the  line  circuit  is  connected.  On  such  a  switch  the  hinge 
joints  are  never  connected  to  the  circuit. 

Mention  wm  made  above  of  the  possibility  of  controlling 
lights  from  two  points  by  means  of  three-way  switches.  The 
manner  in  which  this  is  done  will  perhaps  be  understood 
best  by  reference  to  Fig.  23.     This  is  a  standard  diagram 


Fio.  18. 


Fxa.  19. 


..AMST' 


Tbpantiboanf 


Fxa.  20. 


Fig.  21. 


and  9wtfch 


Fig.  22. 


for  three-way  switch  connection.  Assuming  the  switches  to  be  turned  as  indicated  by  full  lines — that  is,  2 
being  oonneeted  to  4  and  2'  to  4' — no  current  can  flow  through  the  lamps.  If  either  switch  be  turned  so  that 
either  1  and  3  or  1'  and  3'  are  connected,  the  lamps  will  light,  and  then  turning  either  switch  again  will  disconnect 
them.  Three-way  switches  are  considered  as  single-pole  switches  and  must  be  wired  so  that  only  one  pole  of  the 
circuit  is  carried  to  either  switch. 

If  it  is  desired  to  control  the  lights  from  more  than  two  points,  a  four-way  switch  must  be  used  at  each  addi- 
tional point.  A  diagram  of  connections  is  shown  in  Fig.  24.  If  the  switches  are  turned  as  indicated  in  diagram, 
the  lamps  will  be  dark.  Turning  either  switch  will  cause  them  to  light  up.  Three-way  and  four-way  switohet 
are  much  used  in  house  wiring,  especially  for  controlling  the  lighting  of  stairways  and  upper  and  lower  halls. 


A. 


6    0^6    i> 


^ 


Fxo.  23. 
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Thrwr  tioy  sitlfch 


Lomp9''  w"'r' 

Fio.  24. 


28a.  Electrolier  Switch. — This  is  a  form  of  snap  switch  which  is  designed  for 
closing  one  or  more  circuits.  A  diagram  of  the  internal  connections  of  a  three-circuit  electrolier 
switch  is  given  in  Fig.  25.  The  first  quarter  turn  of  the  handle,  lights  the  lamps  connected  at  1 ; 
the  second  quarter  turn,  those  at  1  and  2;  and  the  third  quarter  turn,  all  the  lamps.  The  fourth 
quarter  turn  opens  the  circuit.  It  is  not  possible  to  illustrate  the  operation  with  a  simple  dia- 
gram. 

20.  Cut-out  Panels  and  Cabinets. — According  to  the  Electrical  Code  not  more  than  660 
watts,  or  under  special  conditions,  not  more  than  1320  watts  for  lighting  circuits  may  be  supplied 
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through  one  cut-out.  This  necessitates  many  branch  circuits  for  all  instftUatioiia  otecfAttt 
B  usually  most  convcnieDt  to  group  the  cut-outo  together  and  mount  thttt  ■ 
panel  boarda  (Fig.  26),  l^ey  are  made  in  many  fcm 
and  for  two-wire  and  three-wire  circuita.  Hie  bua-banai 
uaually  run  vertically  with  the  croaa-coDnectins  ban  ectnd- 
iiifC  horisontally  to  the  branch  circuits.  Tfai 
bars  are  interrupted  for  fusee,  or  for  both  switehH 
fusee. 

Three  forms  of  fuM8  are  used  at  the  present  limeforik 
Pi^  2-  panelboard  typeofcut-out;i.e.,  the  plug  fuse,  the  link  fuM 

and  the  enclosed  or  cartridge  fuse. 
For  conduct^irs  amnllcr  than  No.  8  A.AV.G.  the  connection  is  made  by  meana  of  biodiif 

screws  with  copper  washers.     This  conacction  is  used  for 

all  the  branch  conductors  which  are  usually  of  No.  H  or  No. 

12  wire,  although  in  a  few  cases  No.  10  conductors  are  used. 

When  conductors  of  No.  8  or  larger  are  used,  the  connec- 
tions are  made  by  means  of  special  copper  lugs,  the  wires 

being  inserted  in  a  hole  in  the  lug  and  soldered.    Such  a 

connection  is  a  marked  improvement  over  the  method  of 

screws  and  washers.     Where  the  wire  is  held  in  place  by  a 

screw  and  washer,  only  a  small  portion  of  the  wire  is  in 

actual  contact,  and  overhcsting  at  the  terminal  may  result. 

The  lug  terminal  is  prcferuiilc  in  nearly  all  coses,  as  it  pn>- 

vides  a  good  and  lasting  connection.     A  solid  wire  larger 

than  No.  8  is  very  stiff  and  vibrations  will  loosen  it  if  secured 

under  a  binding  screw  and  washer. 

For  purposes  of  protection  and  convenience  in  opera- 
tion, panel  boards  are  mounted  in  cabinets  (Fig.  27). 

lighti  in  throVD  on  and 
ad  wbfirt  pereoni  unakilltHi 
I,  lunc]  board!  ihould  V 

rndily  ■ccompJishrd  by  luintt  pual 

Th("p^-buHdn     -VilT™    ^T'hf  rio.  ML 

■niuin     fliuh    with    the    duoc   of    Ihc 

rabinpl,  whirh  mi]>  b«  locknl,   ar  thp  awitrh  rnmpartmeDt  raMj  be  prgrUad 

cumpartitipnl  ood  provide  lalchn  (or  Ifar  iwitch  eompartnenta  (Fl<,  38). 

tlic  knifp  gwilch. 
[he  circuit  .lo-ll 

30.  Outlet  Boxes.— Metal  outlet  boxes  are  requirsd  at  all 
outlets  n-here  conductors  si«  run  in  con<luits  or  armored  eablea 
and  for  flush  switches  and  receptacles  in  connection  with  any 
kind  of  covering. 

Outlet  boxes  arc  not  required  by  the  present  rules  for  circuit 
work  run  in  wooden  molding  for  cleut  work,  or  for  knob  and  tubt 
wiring,  except  as  noted  above. 

All  the  principal  forms  of  outlet  boxes  may  be  roughly  olanified 
in  two  groups,  universal  and  special.  Under  the  first  head  are  in- 
cluded those  forma  of  boxes  in  which  an  opening  may  be  madt 
)  that,  no  matter  from  what  direction  the  tube  comes,  a  corre- 
Icss  readily  made  without  drilling.  The  other  Qrpe 
Fig.  29  is  a  universal  outlet  box. 


I  him-.A  I 


in  any  part  of  the  box, 

qmnding  opening  in  the  box  may  be 

{rf  box  is  one  which  is  designed  for  a  specific  purpose. 
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31.  Distribnting  Syttemi. — In  any  Byat«m  of  wiring  the  supply  circuit  temim&tM  at  either 
a  cut-out  cabinet  or  b  switchboard.  From  the  cabinet  or  switchboard  several  sets  of  feeders  and 
mains  are  usually  run  to  various  points  from  wbich  the  current  is  supplied  to  lamps,  motois, 
or  to  other  receiving  apparatus. 

Sla.  Selectlcui  of  a  Feeder  Sjitem.  In  every  case 
the  arrangement  of  the  feeders  will,  of  course,  be  determined  by 
the  use  and  arrangement  of  the  receiving  apparatus.  In  house 
wiring  for  lighting  purposes  there  are,  however,  some  general 
conditions  which  infiuence  the  feeder  systems.  These  conditions 
may  be  classed  under  the  following  heads; 

1  ■whchboud. 


Pw.  as. 


1.  Ths  number  of  outlcta  tbftt  Bhould  b«  (uppllcd  by  Diu  Mt  of  fesden. 

3.  The  limit  tor  the  «»  of  (eadn  oonduoton. 

4.  Allonble  loa  Id  laden  uid  maiiw. 

In  the  designing  and  layii^  out  of  feeder  systems  the  use  and 
arrangement  of  the  building  must  be  given  due  consideration. 
The  control  of  hall  lighta  from  one  point,  usually  the  main  Hvdtcb- 
board,  is  a  matter  of  considerable  importance.  This,  however, 
apphes  primarily  to  hotels,  apartment  houses,  or  to  buildings  in 
which  the  light  for  halls  is  furnished  by  the  owner  of  the  building, 
and  therefore,  should  be  under  the  control  of  men  in  his  employ. 
Contnd  oj  Hall  highiafTom  One  PoirU. — In  private  residences 
it  is  seldom  advisable  to  have  separate  feeders  for  hall  lights,  since  it  is  much  more  convenient  to 
operate  the  lights  by  switches  placed  at  convenient  points  in  the  halls.  In  public  buildings  it 
ia  almost  always  advisable  to  install  separate  feeders  for  hall  lights.  The  main  point  ia  the 
problem  ia  not  the  necessity  for  separate  feeders, 
but  the  number  necessary  for  efficient  operation. 
For  instance,  in  lighting  long  h  Us  it  is  often 
necessary  to  have  different  numbers  of  lamps 
turned  on  at  different  times  in  the  day,  and  also  o) 
different  days.  This,  of  course,  combines  the  pro- 
blem of  efficient  lighting  with  wiring  as  is  true  ir 
almost  every  case.    In  the  solution  of  euoh  a  pro- 


/ifOr  ib-ti^lff 
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blem  it  is  necessary  to  firat  determine  the  number  and  distribution  of  lamps  and  the  s{>piox- 
imate  time  when  these  lamps  are  to  be  operated.  Having  determined  the  number  of  groups 
of  lamps  that  are  to  be  operated,  the  number  of  pairs  of  feeders  and  their  current-canviii% 
capacities  can  then  be  readily  determined.    Thus,  if  itia  falUld\Jv^^.^:tl«\l^^a<:»sl.o£<<vs^& 
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be  operated  in  three  groups,  three  pairs  of  feeders  will  be  necessary.  Each  group  of  lamps  on 
be  turned  on  and  off  at  the  proper  time  without  interfering  with  the  others.  It  ia  very  prob- 
able that  the  cost  of  the  additional  feeders  will  be  more  than  compensated  for  by  saving  ■ 
energy.  A  good  arrangement  of  feeder  systems  for  hall  lighting  is  shown  in  Fig.  30.  Vnt 
necessity  for  more  than  one  set  of  feeders  arises  from  the  fact  that  it  may  not  be  advisable  to 
have  lights  burning  on  all  floors  at  the  same  time.  The  subdivision  of  feeders  into  sets  nvf 
thus  effect  an  appreciable  saving  in  energy. 

Control  of  Other  thnn  Hall  Lights. — When  groups  of  lights,  other  than  hall  lights,  an  to  be 
controlled  from  the  main  switchboard,  separate  feeders  should  be  provided  for  each  group  of 
lights.  This  is  especially  true  in  case  there  is  some  decorative  lighting.  Lights  for  decontivc 
purposes  should  always  be  controlled  from  some  convenient  point. 


Before  laying  out  any  ajrstem  of  feeders  an  elevation  of  the  building  should  first  be  drawn,  and  the 
required  on  each  floor  noted.  This  does  not  moan  simply  the  amount  of  power,  but  the  use  and  time  dnriac 
which  the  power  is  to  be  used.  Having  determined  thb  together  with  the  power  supply — that  ia,  whether  it  is  tk 
intention  to  obtain  power  from  the  central  station  or  whether  a  separate  plant  is  to  be  installed— the  eontrscls 
can  proceed  with  the  laying  out  of  feeders  and  mains. 

While  arranging  the  scheme  for  feeders  and  mains,  consideration  must  be  given  the  oonstruetion  of  the  bdl^ 
ing  with  special  reference  to  runwajrs  and  shafts  which  will  greatly  facilitate  the  installation  of  the  feedeis.  Hi 
usual  scheme  followed  is  first  to  locate  the  outlets  and  then  the  distributing  centers.  The  main  points  to  be  eofr 
sidcred  are  the  current  density  and  source  of  supply. 

81&.  Greatest  Number  of  Outlets  One  Set  of  Feeders  May  Supply. — ^Thereii 

no  absolute  rule  that  can  apply  in  every  case  concerning  the  number  of  outlets  that  may  be 
supplied  by  one  set  of  feeders.  There  are,  however,  some  general  considerations  which  ■hoold 
be  kept  in  mind.  Economy  and  convenience  of  operation  will  perhaps  be  greater  if  each  set  of 
feeders  supplied  few  units.  The  reasons  are:  (1)  when  many  units  are  being  fed  by  one  set  of 
feeders  a  sudden  overload  may  cause  an  opening  of  the  circuit  and  a  disturbance  over  a  con- 
siderable area — that  is,  any  accident  that  would  cause  the  opening  of  the  circuit  connecting 
that  set  of  feeders  with  the  bus-bars  would  cause  greater  inconvenience  than  if  the  recehring 
apparatus  were  supplied  by  several  feeders;  (2)  more  economical  operation  will  undoubtedly 
be  secured  by  dividing  the  load  among  several  sets  of  feeders. 

81c.  Limiting  Size  of  Feeder  Conductors. — ^Local  conditions  will,  to  a  great  ex- 
tenty  determine  the  exact  size  of  feeder  conductors  in  any  particular  case.  If  the  question  of 
cost  is  given  first  consideration,  it  will  be  found  cheaper  to  install  a  conductor  whose  capacity 
is  large  enough  to  can^"  the  maximum  current  rather  than  several  smaller  ones  whose  combined 
capacity  is  the  same.  The  ease  and  facility  with  which  the  small  conductors  may  be  run,  wiO, 
in  many  cases,  compensate  for  the  difference  in  cost;  and  furthermore,  the  possibility  of  subdi- 
vision should  not  be  overlooked.  Conductors  larger  than  1  in.  in  diameter  should  seldom  be 
installed.  When  a  larger  current  capacity  is  nesessary,  it  w^ill  invariably  be  found  cheaper  to 
run  smaller  conductors  whose  capacity  in  the  aggregate  is  equal  to  the  capacity  required. 

There  are  other  reasons  for  using  smaller  conductors:  (1)  the  available  space  for  running  oonduite,  And  9) 
the  sise  of  conduit  itself  may  restrict  the  sise  of  feeder  conductors.  Thus,  feeders  requiring  OTer  3-in.  oondidt 
should  never  be  used  since  a  2-in.  pipe  is  about  as  large  as  can  be  economically  handled,  especially  if  there  are  lOMMf 
bends  or  offsets.  ' 

Zld,  Allowable  Loss  in  Feeders  and  Mains. — The  exact  voltage  drop  to  be 
allowed  in  feeders  will  depend  upon  the  total  pennissible  drop  from  sA^itchboard  to  lamps.  A 
good  rule  is  to  allow  about  one-half  the  total  permissible  drop  for  feeders,  one-fourth  for  mainii 
and  one-fourth  for  branch  circuits.  Such  a  division  is  conducive  to  good  voltage  regulation  at 
the  lamps. 

Since  mains  are  mere  extensions  of  feeders  most  of  the  foregoing  discussion  applies  to  them 
as  well. 

82.  The  Process  of  Determining  the  Size  and  Quantity  of  Wire  Re<ixiired  for  a  Oiren  In- 
stallation.— The  general  principles  so  far  discussed  may  be  applied  in  any  particular  case  ai 
follows :  First,  prepare  a  vertical  cross  section  of  the  building  showing  the  number  of  stories  and 
their  height.    Upon  this,  and  upon  the  floor  plans,  mark  the  position  of  the  outletSi  and  from 
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X  these  the  branch  circuity  didtributing  centers,  and  rising  shafts.  Upon  the  elevations  and  floor 
f  plans,  mark  at  each  distributing  center  the  number  of  watts  which  are  to  be  supplied  by  the 
F    branch  circuits,  stating  from  the  center.     Having  done  this,  a  tentative  layout  of  the  mains  may 

be  made.    It  is  clearly  evident  that  the  purpose  of  the  foregoing  process  is  to  determine  the 

current  to  be  carried  by  each  set  of  mains  and  feeders.    From  this  data  and  the  allowable  drop, 

the  size  of  conductors  may  then  be  calculated. 

From  the  elevation  and  floor  plans,  next  determine  the  approximate  length  of  the  feeders 

and  mains.     This  approximate  length  will  be  accurate  enough  for  computing  the  drop  and, 

consequently,  the  size  of  conductor. 

According  to  principles  already  given,  the  cross-sectional  area  in  circular  mils  is  then 

^  ^  10.5P  X  21 

ErE 

The  data  for  calculating  the  bIbo  of  inainB  is  obtained  in  the  same  way  and  the  calciilationa  are  alto  made  aa 
above.  For  determining  the  cost  of  the  conductors  the  approximate  length  as  given  above  will  not  be  sufficiently 
accurate.  The  actual  length  as  nearly  as  possible  should  be  determined  by  the  aid  of  the  floor  plans  and  elevation 
by  indicating  very  nearly  the  actual  direction  the  wires  are  to  run  and  making  allowance  for  slack,  bends,  and  off- 
sets. About  5  %  of  the  length  is  usually  allowed  for  slack,  and  no  definite  percentage  can  be  given  for  bends  and 
oflTsets.  This  must  be  determined  from  the  plans  themselves,  or  in  case  the  framework  of  the  building  has  already 
been  erected,  by  actual  measurements  on  the  building.  Before  deciding  definitely  upon  a  particular  scheme,  it  is 
well  to  make  the  necessary  calculations  for  at  least  two  or  more  different  arrangements.  It  will  often  be  found 
that  some  one  plan  will  be  more  economical  or  more  easily  followed. 

33.  Specifications. — A  specification  may  be  briefly  defined  as  a  detailed  statement  of 
'     materials  to  be  used  and  the  manner  of  executing  the  work. 

Most  of  the  materials  for  inside  electrical  construction  are  at  present  standardized  and 
must  have  the  approval  of  the  Electrical  Committee  of  the  National  Fire  Protection  Associa- 
'  tion.  Consequently,  in  preparing  specifications  it  is  usually  unnecessary  to  go  into  extended 
detail  when  describing  the  material  to  be  used.  For  this  part  of  the  specifications  it  will  usually 
be  found  sufficient  to  name  the  types  of  construction  and  specify  that  only  approved  material 
may  be  used.  The  second  part  of  the  specifications — ^namely,  construction  and  method  of  con- 
trol, etc. , — should  be  worked  ou  t  with  considerable  detail.  This  is  especially  necessary  where  the 
contract  for  the  wiring  is  to  be  let  to  the  lowest  responsible  bidder.  If  the  specifications  are 
not  adequate,  there  can  be  no  comparative  basis  for  letting  the  contract. 

In  the  preparation  of  a  set  of  specifications  it  is  important  that  the  language  used  be 
grammatical  and  construed  according  to  the  rules  of  grammar.  It  is  dangerous  to  permit  in- 
accuracy or  confusion  in  the  arrangement  of  clauses,  because  the  true  intent  may  thus  be  dis- 
torted and  not  admit  of  ready  interpretation.  There  are  many  words  and  phrases  which  may 
have  one  or  several  meanings  in  ordinary  narration,  but  quite  different  meanings  when  used  in 
technical  description,  or  in  relation  to  some  special  subject,  and  it  must  be  supposed  that 
technical  words  and  phrases  are  used  in  the  specific  and  technical  sense  applicable  to  the  subject. 

Specifications  for  electric  wiring  that  is  to  be  installed  under  a  separate  contract  should  con- 
tain in  the  first  paragraph  a  statement  that  the  work  is  to  be  done  and  the  material  is  to  be 
furnished  in  conformity  with  the  following:  (1)  American  Institute  of  Architects'  Instructions 
to  Bidders;  (2)  National  Electrical  Code;  and  (3)  the  Ordinances  of  the  City  and  Rules  of  the 
Inspection  Department  of  the  city  in  which  the  work  is  to  be  done.  Consideration  should 
also  be  given  to  the  requirements  of  the  electricily  supply  company  to  secure  the  best  operating 
and  maintenance  conditions. 

In  general,  it  may  be  said  that  in  addition  to  the  architect's  instructions,  the  National  Elec- 
trical Code,  and  city  and  inspection  department  regulations,  the  specifications  should  cover  in 
detail:  (1)  the  general  considerations  applicable  to  any  installation,  and  (2)  a  detailed  descrip- 
tion of  the  installation  in  question. 

SECTION  L    GBNBRAL  CONDITIONS 

The  general  considerations  may  be  subdivided  further  as  follows: 

ScQV9  of  CofUroa.—VuAn  Um  bdhiiog  «bQuld  be  stated  tbe  work  tQ  b«  «vitict4 Vs  ^^  vvv^&s^i^Kn^ 
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Bxv^noHon: — Under  explanations  should  be  enumerated  the  meaning  and  force  of  the  specifications,  and 
who  shall  be  the  final  authority  in  interpreting  the  specifications. 

ChanoM. — Under  this  heading  should  be  enumerated  conditions  under  which  changes  will  be  permitted,  who 
shall  specify  what  changes  are  to  be  made,  and  how  pay  shall  be  estimated  for  changes  ordered.  The  following 
example  illustrates  this: 

**  No  changes  will  be  permitted  in  these  specifications,  or  in  the  plans  aocompan}ring  the  same,  except  in  minor 
details  or  for  good  legitimate  cause,  or  except  when  made  necessary  by  reason  of  altered  conditions  or  changes  in 
the  building. 

**  No  such  changes  shall  be  made  without  the  authority  of  the  representative  of  the  owner. 

"The  owner  shall  have  the  privilege  of  ordering  any  changes  that  may  be  deemed  desirable  or  nrinrnsiiji. 
for  the  hereinabove  specified  reasons  or  for  other  legitimate  reasons,  at  any  time  before  the  completion  of  the  work. 

"All  such  changes,  involving  no  additional  cost  to  the  Contractor  and  no  loss  or  expense  to  the  owner,  are  to 
be  made  free  of  expense  to  the  owner. 

"  For  all  changes  ordered  by  the  owner,  or  his  representative,  the  settlement  shall  be  made  when  possible  by 
reference  to  the  "stated  prices"  which  are  required  to  be  quoted  in  the  Contractor's  proposal,  as  specified 
hereinafter. 

"  For  any  addition  to,  or  omission  from,  the  circuit  work,  or  for  any  other  change  required  in  the  installation, 
involving  additional  cost  to  the  Contractor,  and  for  which  no  adequate  basis  of  settlement  has  been  provided  in 
the  "stated  prices"  aforesaid,  the  Contractor  must  first  give  written  notice  of  such  additional  cost,  and  must  sub- 
mit an  estimate;  and  a  special  order  shall  be  issued  for  the  said  addition,  omission,  or  change,  before  the  work  of 
making  said  change  is  begun. 

"  Bills  of  all  extra  work  must  be  rendered  promptly  on  the  completion  of  said  extra  work,  accompanied  with 
all  items,  and  details  necessary  for  the  proper  audit  of  said  bills.  • 

"The  owner  shall  receive  credit  for  the  value  of  all  materials  or  work  discarded  and  not  installed. 

"No  allowance  shall  be  made  for  extra  work  unless  these  conditions  are  fully  complied  with." 

Sujmriaion. — This  clause  is  to  specify  the  individual  or  official  under  whose  immediate  supervision  the  work  is 
to  be  executed,  and  to  whom  is  reserved  or  given  the  right  to  accept  or  reject  any  portion  of  the  equipment,  and 
what  shall  be  the  criterion  for  such  acceptance  or  rejection. 

Repaira,  Defects,  Etc. — A  paragraph  with  the  above  heading  is  necessary  to  cover  the  character  of  the  labor 
employed  by  the  contractor;  the  time  during  which  contractor  agrees  to  keep  equipment  in  repair,  which  may  be 
necessary  on  account  of  defective  material  or  workmanship. 

Other  Trcuiea. — Since  in  the  construction  of  nearly  all  buildings,  members  of  several  different  trades  may  be 
employed,  it  becomes  necessary  to  include  a  clause  explaining  the  relation  between  the  wiring  contractor,  owner, 
and  other  workmen  on  the  building.  It  is  also  necessary  to  explain  under  whose  direction  and  supervision  work 
other  than  the  wiring  is  to  be  done  when  the  wiring  necessitates  such  work. 

Subcontmctirig. — In  order  that  the  owner  or  his  representative  may  at  all  times  know  whom  to  hold  responsible 
for  the  performance  of  any  part  of  the  work  it  is  customary  to  specify  conditions  under  which  the  whole  or  parts 
of  the  contract  may  be  sublet. 

Aceidenta. — In  order  to  avoid  controversy  over  the  responsibility  for  accidents,  it  is  necessary  to  state  clearly 
that  the  contractor  and  his  subcontractors  are  to  bear  any  loss  which  may  result  from  their  own  neglect.  This  m 
especially  important  in  states  which  have  industrial  laws. 

Jnepeetian. — This  part  of  the  specifications  is  \isually  covered  by  a  clause  something  like  the  following: 
All  materials  and  work  are  to  conform  in  all  respects  to  the  requirements  and  regulations  of  the  National  Board 
of  Fire  Underwriters  and  any  local  boards  having  jurisdiction,  including  the  latest  amendments  and  modifications 
to  their  rules.     The  contract  is  not  to  be  considered  complete  until  all  necessary  certificates  of  inspection  hav«  been 
furnished. 

SECTION  n.    DBTAILBD  SPBCIFICATIONS 

Plane. — Number  of  plans  and  what  each  covers. 

Service  Wiree. — Location  of  service  wires,  and  character  of  wiring. 

Latnpe  and  Fixturee. — If  the  lamps  and  fixtures  are  to  be  a  part  of  the  contract,  their  character  and  types 
should  be  described  in  detail.  It  is  perhaps  better  to  have  a  separate  set  of  specifications  for  this  part  of  the 
installation. 

Peedere  and  Maine.— Giye  sixes  of  wires;  state  between  what  points  they  are  to  be  run,  and  whether  separate 
circuits  are  to  be  run  for  motors,  heating  devices,  or  other  accessories. 

Branch  Circuite. — Describe  sise  of  wires  to  be  used  for  the  different  circuits. 

Conduite. — Kinds  of  conduits;  sises  for  feeders  and  mains;  sises  for  branch  circuits;  method  of  installing;  oars  to 
be  used  in  fitting. 

Outlet  Boxee. — Kinds  of  outlet  boxes  that  will  be  permitted. 

Pixture  Supporte. — Where  to  be  located  and  designs  to  be  used. 

Cut-cut  Cabinets. — Where  to  be  located;  by  whom  furnished;  kind. 

Cut-otUe. — Kinds;  mounting;  style  of  switches  for  branch  circuits. 

Puses  and  Fuse  Holders. — Kinds;  where  to  be  located. 

Switches. — Types,  locations,  capacity,  etc. 

Baseboard  and  Wall  Receptacles. — Kinds  and  locations. 

General. — Describe  any  special  features  that  do  not  properly  come  under  any  of  the  above  headings. 
.7k«r. — Describe  teat  which  is  to  be  applied  to  make  installation  acceptable. 
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SECTION  m.    WIRINO  FOR  TBLBPHONB8 

This  is  usually  done  by  the  telephone  oompenies,  but  in  order  to  have  the  telephone  wiring  run  to  proper  and 
onveoient  outlets,  the  following  may  be  safely  included: 

Conduit  Run  for  Telephone: — Location  of  telephones;  systems  to  be  used. 
Terminal  Boxes. — Where  located. 

SECTION  IV.    WIRING  FOR  ELEVATORS 

• 

In  buildings  where  elevators  are  to  be  used,  specifications  for  this  should  be  included.     The  most  important 
«m8  will  be: 

Kind  of  Service. 
Feeder: 

Location  of  M^er. 
OutleU,  etc. 

The  notes  following  the  general  headings  are  merely  indicative  of  what  should  be  described  in  detail.     Where 
try  the  description  should  be  supplemented  by  drawings  showing  any  special  features  or  arrangements. 


34.  Standard  Symbols  for  Wiring  Plans. — The  National  Electrical  Contractors'  Associa- 
ion  and  the  American  Institute  of  Architects  have  agreed  upon  symbols  which  are  to  be  used 
I  wiring  plans  and  specifications. 

This  specification  is  based  upon  the  use  of  the  following  standard  symbols  adopted  by  the  National  Eleotrieal 
ontractors'  Association  and  the  American  Institute  of  Architects. 

Ceiling  Outlet;  Electric  only.  Numeral  in  center  indicates  number  of  Standard  16  C.  P.  Incandes 
cent  Lamps. 

Ceiling  Outlet;  Combination.     }  indicates  4-16  C.  P.  Standard  Incandescent  ^^ 

Lamps  and  2  Gas  Burners.     If  gas  only         jH^ 

Bracket  Outlet;  Electric  only.  Numeral  in  center  indicates  number  of  Standard  16  C.  ^^ 
P.  Incandescent  Lamps. 

Bracket  Outlet;  Combination.     |  indicates  i-16  C.  P.  Standard  Incandescent  ^  ^^ 

Lamps  and  2  Gas  Burners.     If  gas  only  ^MH| 

Wall  or  Baseboard  Receptacle  Outlet.     Numeral  in  center  indicates  number  of  Stand- 
ard 16  C.  P.  Incandescent  Lamps. 

Floor  Outlet.     Numeral  in  center  indicates  number  of  Standard  16  C.  P.  Incandescent  Lamps. 

Outlet  for  Outdoor  Standard  or  Pedestal;  Electric  only.  Numeral  indicates  number  of  Standard 
16  C.  P.  Incandescent  Lamps. 

Outlet  for  Outdoor  Standard  or  Pedestal;  Combination.  |  indicates  6-16  C.  P.  Standard  Incan- 
descent Lamps;  6  Gas  Burners. 

Drop  Cord  Outlet. 

One  Light  Outlet,  for  Lamp  Receptacle. 

Arc  Lamp  Outlet. 

Special  Outlet,  for  flighting,  Heating  and  Power  Current,  as  described  in  Specifications. 

Ceiling  Fan  Outlet. 


S.  P.  Switch  Outlet. 

D.  P.  Switch  Outlet. 

3- Way  Switch  Outlet. 
i-Way  Switch  Outle 

Automatic  Door  Switch  Outlet. 
Electrolier  Switch  Outlet. 


Show  as  many  Symbols  as  there  are  Switches.  Or  in  ease  of  a 
very  large  group  of  Switches,  indicate  number  of  Switches 
by  a  Roman  numeral,  thus  S>  XII;  meaning  12  Single  Pols 
Switches. 

Describe  Type  of  Switch  in  Specifications,  that  is.  Flush  or 
Surface,  Push  Button  or  Snap. 
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Q     Meter  Outlet. 

Diatribution  Panel. 

Junction  or  Pull  Box. 

Motor  Outlet;  Numeral  in  center  indicates  Horse  Power. 

Motor  Control  Outlet. 

Transformer. 

Main  or  Feeder  run  concealed  under  floor. 


Main  or  Feeder  run  concoaled  under  Floor  above. 


<^«B«M^B«MMain  or  Feeder  run  exposed. 


Branch  Circuit  run  concealed  under  Floor. 


Branch  Circuit  run  concealed  under  Floor  above. 


—  -^  »-  -*  —  Branch  Circuit  run  exposed. 


'  Pole  Line. 


Heights   of   Center    of    Wall    Oatk 
(unleaa  otherwise  specified): 

Living  Rooms 6  ft.  6  in. 

Chambers 6  ft.  0  ia. 

Offices 6  ft.  Oia. 

Corridors 6  ft.  8  is. 

Height  of  Switches  (unless  othcrsi 
specified): 

4  ft.  0  in. 


#  Riser. 

U       Telephone  Outlet;  Private  Service. 

[^  Telephone  Outlet;  Public  Service. 

Q  Bel!  Outlet. 

r~^  Busier  Outlet. 

|0|C  Push  Button  Outlet;  Numeral  indicates  number  of  Pushes. 

""^O/  Annunciator;  Numeral  indicates  number  of  Points. 

~~^       Speaking  Tube. 

— (^     Watchman  Clock  Outlet. 

""H        Watchman  Station  Outlet. 
—^^     Master  Time  Clock  Outlet. 

—In     Secondary  Time  Clock  Outlet. 

iTl     Door  Opener. 

PCI     Special  Outlet;  for  Signal  Systems,  as  described  in  Specifications. 

||||||  Battery  Outlet. 

!  Circuit  for  Clock,  Telephone,  Bell  or  other  Service,  run  under  Floor,  coneeslsd. 
Kind  of  Service  wanted  ascertained  by  Symbol  to  which  line  connects. 
Circuit  for  Clock,  Telephone,  Bell  or  other  Service,  run  under  Floor  above. 
Kind  of  Service  wanted  ascertained  by  Symbol  to  which  line  connects. 
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Fig.  31. 


86.  Wiring  of  Concrete  Buildings. — The  rigid  conduit  83r8tem  of  wiring  is  the  only  one  to 
be  recommended  for  fireproof  buildings.  For  such  structures,  either  one  of  two  methods  of 
installing  the  conduits  may  be  followed;  that  is,  the  conduits  may  be  run  either  exposed  or  con- 
cealed. The  method  to  be  followed  in  any  given  case  will  be  determined  by  local  conditions 
although  it  may  be  said  that  the  concealed  system  is  to  be  preferred  if  the  conditions  will  per- 
mit its  installation. 

86a.  Exposed  Conduit  System. — In  many  concrete  buildings  it  is  not  always 
practical  to  locate  definitely  the  outlets  during  the  process  of  construction.  This  is  especially 
true  of  buildings  intended  for  manufacturing  purposes.  Moreover,  the  installation  of  conduits 
in  such  a  building  after  its  completion  is  a  laborious  and  expensive  process  unless  some  provision 
for  such  installation  is  made  while  the  building  is  under  construction. 

The  best  plan  to  follow  will  be  to  a  great  extent  determined  by  local  conditions.  Never- 
theless, two  quite  common  methods  are  the  ^"noorsht-^ 
following;  Fig.  31  shows  a  section  of  a  rein-  l^^^^^^^^ -  •  i<^.: --l^it-^'-r  W  H^'^^^i^^i^^ 
forced  concrete  floor.  Openmgs  for  the  conduit  t— ^ v  ^z^— .^— _-^  #  .m-#  ' 
are  made  by  placing  short  pieces  of  pipe  of  proper 
diameter  in  the  girder  form.  These  pieces  of 
pipe  must  be  large  enough  to  permit  the  easy 
insertion  of  the  conduit,  and  they  must  also  be  of  such  length  that  when  the  forms  into  which 
the  concrete  is  poured,  are  removed,  the  ends  of  the  sleeves  will  be  flush  with  the  sides  of  the 
girders.  In  most  cases,  1 K  in*  Pip^  ^ill  ^^  large  enough.  The  sleeves  pass  horizontally  through 
the  girder  near  the  ceiling  line  in  every  bay,  or  as  near  as  possible  to  the  neutral  axis  of  the 
girder.  They  may  be  placed  in  all  four  sides  of  the  bay  so  that  several  circuits  can  be  run  in. 
The  sleeves  must  be  in  alignment,  and  they  must  be  firmly  fastened  to  the  forms  so  that  the 
pouring  of  the  concrete  and  other  operations,  will  not  displace  them.  Then  by  using  conduleta 
and  exposed  iron  panel  boxes,  a  neat  job  of  exposed  conduit  wiring  is  assured. 

If  the  sprdera  are  steel  I-beaxns,  another  plan  must  be  followed.  A  convenient  method  of  fastening  the  conduit 
in  such  instances  is  shown  in  Fig.  32;  A  board  is  first  fastened  under  the  girder  by  means  of  clips  extending  around 
the  flange  of  the  I-beam  and  screwed  to  the  board.  The  conduit  is  then  attached  to  the  under  side  of  the  board  by 
straps. 

86&.  Concealed  Conduit  Construction. — The  exact  plan  to  be  followed  in  this 
type  of  construction  will  depend  somewhat  upon  the  form  or  style 
of  concrete  construction,  but  in  general  either  one  of  two  methods 
may  be  employed.  In  one  system  the  conduits  are  instaUed  after 
the  concrete  is  all  poured,  set,  and  the  forms  removed.  In  the 
other  system,  the  conduits  and  outlet  boxes  are  fastened  in  place 
and  the  concrete  is  poured  over  them.  If  the  conduits  are  to  be 
installed  after  the  removal  of  the  forms,  some  provisions  must  be 
made  for  outlets  through  the  concrete  slabs  before  the  concrete 
is  poured,  as  structural  engineers  as  a  rule  will  not  permit  the 
cutting  away  of  the  reinforcing  steel.  One  method  of  securing 
an  opening  through  the  concrete  slab  is  to  fit  wooden  blocks  as  is 
shown  in  Fig.  33.  These  blocks  are  specially  made,  and  tapered  as  shown.  The  smaller  end 
of  each  block  is  placed  at  the  bottom,  and  its  diameter  is  approximately  that  of  an  outlet 
box.  In  length,  the  blocks  are  equal  to  the  thickness  of  the  concrete  slab.  These  blocks 
must  be  set  and  securely  fastened  before  the  concrete  is  poured.  One  good  method  of 
fastening  them  in  place  is  by  means  of  bolts  as  indicated.  A  hole  is  bored  the  whole  length 
of  the  block  and  through  the  form.  A  bolt  of  proper  length  is  inserted  and  a  nut  is  screwed  on 
from  below. 

Instead  of  blocks,  tin  tubes  or  sleeves,  like  those  generally  placed  around  steam  pipes  where 
they  pass  through  the  ceilings,  may  be  used.  These  tubes  should  not  be  smaller  than  3  in.  in 
diameter,  and  about  6  in.  long.  Such  tubes  are  fastened  by  flaring  them  out  at  the  bottom  and 
nailing  them  to  the  forms  where  outlets  are  required.  To  protect  the  tubes  from  being  filled 
with  concrete,  they  are  filled  with  sand  aa  soon  as  put  in  place. 
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Fig.  32. 
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When  the  concrete  has  set,  and  the  forms  have  been  removed,  the  conduit  is  iimtJiWwi « 
shown  in  Fig.  34.  The  conduit  is  bent  and  inserted  into  the  outlet  box  which  is  placed  ftosk 
with  the  opening.  This  necessitates  sharp  bends,  and  the  length  of  conduit  extending  into  the 
opening  must  be  short  to  prevent  the  box  from  being  exposed. 

Undoubtedly  the  best  practice,  however,  is  to  fasten  the  outlet  box  to  the  forms  before 
the  concrete  is  poured.  The  wood  forms  are  set  with  the  reinforcing  steel  in  place,  and  upon 
this  the  conduit  is  placed  as  shown  in  Fig.  35.  Several  methods  may  be  employed  for  fastenini: 
the  boxes  in  place.  One  method  is  to  first  fasten  the  conduit  and  fixture  hangar  to  the  box; 
then  drive  a  nail  at  the  exact  center  of  the  outlet  and  place  the  center  of  hanger  over  the  nail 
at  the  outlet  location.  The  box  may  then  be  fastened  to  the  forms  by  wire  nails  which  tre 
driven  part  way  into  the  boards  and  then  bent  over  the  box,  or  the  nails  may  be  driven  throui^l 
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Fig.  34. 


the  screw  holes  in  tlie  bottom  of  the  box.     These  nails  must  be  cut  out  before  the  wire  is  dmwB 
in. 

To  avoid  sharp  ends  of  naila  in  the  boxes  after  forms  are  removed,  either  of  the  following  plans  is  to  be  pic- 
f erred:  Drive  on  a  slant  four  nails  about  half  way  into  the  forms  on  the  opposite  sides  of  the  box.  Th«i  takes 
No.  14  soft-iron  wire  and  make  a  turn  or  two  around  the  head  of  each  nail,  crossing  over  the  box  from  nail  to  nail 
When  this  has  been  done,  drive  the  nails  down  until  the  box  is  held  firmly  in  place. 

Another  convenient  method  is  shown  in  Fig.  36.  A  scrap  piece  of  >^-in.  conduit  is  tapped  with  a  H***- 
tap  and  then  screwed  on  to  the  fixture  stud  in  the  bottom  of  the  box.  A  hole  of  the  proper  sixe  is  bored  throoik 
the  form  and  a  piece  of  pipe  is  pushed  into  it.  By  means  of  a  lock  nut.  the  box  is  drawn  up  tight  against  the  fom 
and  firmly  held  in  place.  When  the  concrete  is  set,  the  stem  is  unscrewed  from  the  fixture  stud,  permitting  the 
easy  removal  of  the  forms.     The  outlet  boxes  must  be  deep  enough  to  permit  the  insertion  of  the  conduit  from  tbr 
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lides.  These  boxes  are  installed  before  the  reinforcing  steel  is  put  in  place,  and  the  conduits  are  run  inmmediatdr 
after  the  placing  of  the  wire  netting  upon  which  they  rest.  In  such  a  construction,  the  conduit  aenrea  as  a  t^ 
forcemont  and  can  be  completed  back  to  the  center  of  distribution.  It  may  also  be  ttirned  up  or  down  at  switA 
outlets  as  the  case  demands. 

The  ends  of  the  conduits  must  be  securely  closed  against  the  entrance  of  water  or  concrete.  Some  eontraeton 
use  wooden  plugs  or  tape  covered  with  a  waterproof  compound  for  this  purpose,  while  one  contractor  reeommcndi 
the  use  of  the  circular  pieces  that  are  knocked  out  of  the  outlet  boxes.  These  he  fastens  in  place  by  slipping  • 
knockout  disk  of  proper  sise  into  a  bushing  and  then  screwing  the  bushing  on  to  the  exposed  end  of  the  pipe.  Soeh 
a  joint  can  readily  be  made  water  tight,  and  the  construction  is  cheap.  Rwitc.h  outlets  arc  usually  placed  on  dths 
the  walls  or  the  partitions.  This  fact  necessitates  bringing  the  conduit  throuKh  the  forms  in  the  line  of  the  wab 
or  of  the  partition.  Great  care  must  be  exercised  to  locate  these  outlets  accurately,  for  after  the  cement  has  BiC 
it  is  too  late  to  change  them.     For  vertical  runs  between  floors  it  is  a  good  plan  to  provide  channels. 
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ELECTRIC  LIGHTING  AND  ILLUMINATION 

By  C.  M.  Janskt 

1.  General. — When  lamps  are  placed  in  a  room,  the  purpose  is  not  to  have  a  source  of  light 
to  look  at,  but  to  make  objects  in  the  room  visible  and  in  some  instance  to  enhance  their  beauty. 

Objects  are  seen  by  reflected  light;  that  is,  light  from  some  source  after  falling  on  the  object 
is  reflected  by  it  to  the  eye  where  it  excites  the  sensation  of  vision.  By  means  of  this  sensation 
we  can  get  a  perception  of  the  shape,  size,  color,  and  other  physical  characteristics  of  the  object. 

There  are  two  types  or  kinds  of  reflection — specular  and  difluse.  If  the  object  upon  which 
the  light  falls  is  polished,  it  is  invisible,  for  nearly  all  of  the  incident  light  is  reflected  at  the  same 
angle  and  an  image  of  the  source  is  seen.  Polished  surfaces  such  as  mirrors,  produce  specular 
reflection.  Light  falling  on  a  visible  object  is  not  all  reflected  at  the  same  angle  nor  is  all  of  it 
that  is  incident  at  a  given  point  reflected  to  the  eye,  but  it  is  dispersed  or  scattered.  Such  a  re- 
flection is  known  as  diff'use.     Objects  arc  made  visible  by  diff'use  reflection. 

The  effectiveness  of  a  system  of  illumination  is  thus  indicated  by  the  distinctness  with 
which  the  objects  are  seen  and  their  colors  and  other  features  are  depicted.  If  the  light  source 
is  in  the  direct  line  of  sight,  vision  will  not  be  distinct,  for  the  eye  automatically  adjusts  itself 
to  the  most  brilliant  object  and  prevents  the  entrance  of  sufficient  light  from  the  less  brilliant 
objects  to  make  them  clearly  visible.  This  is  also  true  if  one  side  or  portion  of  an  object  is 
brilliantly  illuminated  while  the  other  side  is  in 
shadow. 

It  is  a  mistake  to  assume  that  brilliant  lights  give 
the  most  efficient  illumination.  Efficient  illumination 
is  secured  by  a  proper  and  even  distribution  of  light 
rather  than  by  great  intensity.  The  artistic  aspect 
of  lighting  fixtures,  however,  should  not  be  neglected. 

2.  Light  and  Illumination. — ^Light  is  the  physical 
condition  of  the  ether  which  produces  the  sensation 
of  vision.  The  sources  of  light  are  the  sun,  and  other 
incandescent  bodies.  Those  in  which  we  are  at  present  concerned  are  electric  lamps.  The 
high  temperature  of  the  lamp  filament  produces  the  condition  in  the  ether  which  we  call 
light.  Illumination  is  the  distribution  of  light  on  objects  to  make  them  visible.  Light  is  the 
cause;  illumination  is  the  effect.  The  problem  in  designing  a  lighting  system  is  to  use  light  so 
as  to  obtain  illumination  without  causing  eye  discomfort  or  strain.  Lighting  and  illumina- 
tion thus  have  utilitarian,  artistic,  and  hygienic  aspects.  In  a  properly  designed  and  efficient 
lighting  and  illumination  system  the  sources  of  light  should  be  of  relatively  low  intrinsic 
brilliancy.  They  should  be  out  of  the  direct  range  of  vision  and  the  distribution  of  light 
should  be  such  that  objects  viewed  are  clear  and  distinct  without  excessive  shadows  or  glare. 
Brilliancy  of  a  lighting  system  is  no  guarantee  of  its  efficiency  from  an  illumination  viewpoint. 
No  modem  light  source  should  be  exposed  so  as  to  be  normally  visible.  Such  a  condition  is 
harmful  to  the  eye  and  contributes  much  toward  making  the  lighting  system  unattractive. 

In  addition  to  the  general  factors  mentioned  above,  many  local  or  particular  factors  must 
he  considered  in  designing  a  lighting  system. 

3.  Distribution  of  Light. — If  the  source  of  light  is  a  small  incandescent  ball,  it  is  evident 
that  it  would  appear  equally  bright  from  every  direction.  Such  a  body  sends  out  light  of  equal 
intensity  in  every  direction.  .  The  total  amount  of  light  emitted  is  commonly  called  the  flux  of 
light.  Since  light  travels  in  straight  lines,  it  la  evident  that  a  small  area  near  the  source  of  light 
will  receive  as  much  light  as  a  larger  one  at  a  distance  (Fig.  1).    Tk^  WBkaS1^5«».^'^'<ic»^*2^^V^>*^ 
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more  brilUumtl]'  illumtnated.  The  illumiDation  will  alao  vary  with  the  color  and  texture  of 
the  object  and  ita  inclination  to  the  rays  of  light.  Uluminationiithusafunction  of  many  differ- 
ent factors  among  which  the  intensity  or  brillinacy  of  the  light  source  is  only  one. 

Fhe  brilliancy  of  a  light  source  ia  a  measure  of  the  flux  of  light  emitted.  The  intensity  of 
light,  or  flux  of  light,  in  any  specified  direction  is  measured  in  condiea.  A  candle  is  the  luminous 
intenaity  of  light  emitted  by  a  standard  candle.  This  is  a  candle  made  according  to  certain 
definite  specifications  and  burned  tmder  specified  conditions.  It  is  an  arbitrary  unit  for  meas- 
uring luminous  intensity. 

J i^iftm  Siom  emy  pnetiol  ftrtlfldal  light  •ouim  emiti  different  qiuatitia 

'w^^;^'  of  ti«ht  in  diflmat  dlrHliom.  tho  brilliancy  in  only  one  diitcUon  an 

~    ~         '  '  k  4-J^^  ^  us«I  M  tlio  unit  of  flomparwin.     Thp  li^t  EiTinit  power  ia  tho  hori- 

'    •^^'"  loDtA]   direotioD  hu  ttocD   mAde  the  bMia  of  ititeuity  m^amremerita. 

By  boriiontat  direction  a  munt  every  direction  in  m  plane  perpoodicu- 
Imr  to  th«  uia  of  the  liiht  at  iU  cEOUr. 

The  caiulU  poiHT  of  &  Ump  is  iti  luminoui  inuniity  expreMsl  In 
eukdle*.  Tbe  nndle  power  ot  a  lump  i*  uaually  different  in  diBerent 
dircctioDi.  hence  the  avrrice  or  mein  of  the  intensitit*  ia  uiually  (iTen. 
The  avrracE  or  mean  candle  power  may  be  the  averace  ot  tbe  intenal- 
tin  io  a  sreat  many  diflercnt  directions.  For  exjunple,  the  nuan  tmur 
hemiaphrriail  candle  power  of  a  lamp  ii  the  averaie  of  the  candle 
power    valuea    in    all    direction*    bdow    the    faorUontal.     The    huok 

ins  of  lamp*  ia  eiprcHcd  in  mer41  boriiontal  candle  power;  that  U,  Uie 


i.  Dlatributlon  Cmves. ' — As  pointed  out,  the  luminous  intensity  or  candle  power  of  a  lamp 
varies  with  the  direction.  Candle  power  in  any  direction  is  determined  by  comparison  with 
the  luminous  intensity  of  a  standard  lamp.  A  typical  or  rather  illustrative  curve  showing  the 
variation  in  candle  power  of  a  Ift-candle  power  carbon  lamp  is  shown  in  Fig.  2.  The  measured 
luminous  intensities  are  either  tabulated  or  plotted  in  the  form  of  curves  (see  Fig.  3).     At  the 
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left  the  data  are  given  in  tabular  form ;  at  the  center  and  right,  the  relations  are  shown  by  curm 
plotted  to  polar  coordinates.  The  candle  power  at  any  angle  is  the  average  obtained  as  the 
lamp  rotates  about  its  vertical  axis. 

Distribution  curves  are  graphical  methonis  of  presenting  the  data  in  the  table.  A  distribu- 
tion curve  shows  at  a  glance  the  variations  in  luminous  intensities  in  different  direa:ioDS  and  the 
curves  are  thus  simply  convenient  methods  of  presenting  tabulated  data.  The  area  of  a  diatri- 
bution  curve  is  not  a  criterion  of  the  total  amount  of  light  emitted  by  a  lamp.  fig.  4  ahowa 
two  distribution  curves  of  two  light  sources  emitting  equal  amounts  of  light  flux. 

In  calculatioi  the  liiht  llui  In  different  lonet  it  ia  cuitomary  to  det 

of  10  dec.  width.     It  i>  aulEdently  acourate  for  moal  purpoaea  to  aMUi 

'  Bui.  Eag.  Dept.,  NalloDal  Lamp  Woik*  of  Oen.  Elec.  Co.,  No.  7 
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th«  loBs  r«pH*enU  lh<  ftTtnca  ouidle  pomr  of  ths  low.  The  total  licht  flux  In  lumeiu  is  lliaa  obUlnsd  by  mniti- 
plyini  tbr  candle  power  br  tbs  tnt,  of  the  hum  on  ths  lurfaw  d(  *  iphen  of  1  It.  radius.  The  taoton  bjr  whloh 
(uch  candle  power  values  ahould  be  multipUod  to  lira  tha  liunan*  in  each  lO^Jec.  aone  art: 


0  dec.  to  10  dec.  O.OBH 

10  dec  to  SO  dec.  0.383 

SO  del.  teaodet.  0.M8 

aodea  tolOdcs.  0.B38 

40  dec  to  SO  dec  0.7T4 

SO  dec.  toeOdei.  O.SBT 

60  dec  to  70  dec.  O.Wt 

TO  d*s.  to  SO  dec  1-OM 

80  dec.  to  90  dec.  1-OBl 

6.  Units  of  Illumination. — It  is  evident  from  Fig.  1,  that  the  amount  of  light  from  a  point 
source  falling  an  a  given  surface  decreases  as  the  square  of  the  distance  of  the  surface  from  source 
of  light  increases.  The  amount  of  light  that  is  incident  upon  a  square  foot  at  a  distance  of 
I  ft.  from  the  source  is  spread  out  over  4  sq.  ft.  at  a  distance  of  2  ft. 
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Evidently  the  illumination  [woduced  will  vary  with  the  quantity  of  light  falling  on  the 
surface.  That  is,  the  illumination  also  variee  inversely  as  the  square  of  the  distance  of  tbo 
Uuminated  surface  from  the  light  source. 

A  standard  candle  will  produce  a  certain  definite  illumination  on  a  surface  at  a  distance  of 
1  ft.  This  illumination  is  called  the  Joot-candU.  It  is  a  unit  of  illumination  and  not  of  candle 
power.  In  Fig.  I,  if  iS  is  a  tamp  of  1  o.p.  intensity,  and  X  is  a  surface  I  ft.  away,  the  intensity 
of  illumination  is  1  foot-candle.  If  the  surface  is  farther  away,  like  B  for  example,  the  inten_><ity 
of  illumination  is  less,  or  J^  of  a  footnnuidle.  The  foot^andle  is  a  unit  of  intensity  and  accord- 
ingly any  value  expressed  in  foot-candlee  must  be  a  value  at  one  point  only,  unless  it  is  given  as 
an  average  value. 

In  calculating  the  illumination  for  a  particular  installation,  it  is  convenient  to  select  a 
horizontal  plane  on  which  it  is  assumed  that  illumination  is  desired.  This  plane,  known  as 
the  'plane  oj  illumination,  is  usually  2  ft.  6  in.  above  the  floor.  In  laying  out  a  lighting  system, 
it  is  customary  to  select  an  average  foot-candle  intensity  on  the  plane  of  illumination,  this 
average  depending  on  the  brilliancy  of  illumination  desired.  The  lighting  system  is  then  de- 
signed to  give  this  average  value.  With  an  average  intensity  in  foot-candles  on  the  plane  of 
illumination,  the  intensity  may  vary  considerably  from  point  to  point  on  the  plane;  but  by 
using  the  right  reflector  at  the  proper  height  and  by  proper  spacing  of  the  lampe,  the  variation 
in  intensity  may  be  made  negligible  and  the  resulting  illumination  will  be  unt/orm. 

The  quantity  of  light  emitted  by  a  light  source  has  baaa  «b]>^«A.  "ODe.  ^ras.  <&.'^o^i!>»   '^^^>^ 
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amount  of  light  that  produces  an  average  illumination  of  1  foot-candle  on  an  area  of  1  sq.  ft 
is  called  a  lumen.  What  is  meant  by  a  quantity  of  light  will  be  better  understood  by  reference 
to  Fig.  1.  The  solid  angle  included  by  the  planes  aSh,  hScy  CSd^  and  ASd^  may  be  considered  as 
including  a  certain  amount  of  light.  The  luminous  intensity  in  candle  power  may  be  difiFerent 
in  different  directions  within  the  solid  angle,  but  the  quantity  of  light  within  the  angle  is  a 
definite  fixed  amount.  If  this  amount  is  such  that  the  illumination  on  A  per  square  foot  is  1 
foot-candle,  the  light  flux  in  lumens  is  equal  to  the  area  of  A  in  square  feet.  If  A  has  an  area 
of  1  sq.  ft.  and  the  average  illumination  is  1  foot-candle,  the  quantity  or  flux  of  light  is  1  lumen. 
If  we  assume  jS  to  be  a  point  source  emitting  light  uniformly  in  all  directions,  then  the  total 
flux  in  lumens  is  equal  to  4ir  times  candle  power  of  S. 

Ulostrattye  Problem. — Accord  ng  to  curve  in  Fis.  3,  the  average  candle  power  at  an  angle  of  25  deg.  from  the 
vertical  is  178.     This  is  the  middle  of  the  20  and  30-deg.  sone.     What  is  the  light  flux  in  this  zone? 

The  multiplying  factor  for  the  sone  20  to  30  deg.  is  0.463.  The  product  of  0.463  X  178  -  82.4  lumens.  The 
table  to  the  left  gives  142  —  60  -  82  lumens. 

To  use  these  factors  with  any  light  unit  take  the  candle  power  from  a  light  distribution 
curve  at  the  middle  of  the  zone  and  multiply  this  candle  power  by  the  zone  factor.  Thus,  to 
obtain  the  light  flux  in  the  0  to  10-deg.  zone,  read  the  candle  power  intensity  at  5  deg.  and  multi- 
ply by  the  0  to  10-deg.  zone  factor,  etc.  Distribution  curves  are  now  used  principally  for  de- 
termining the  proper  reflector  for  use  in  given  locations  to  secure  the  proper  light  distribution. 

6.  Essentials  of  Good  Illumination.^ — The  essential  characteristics  of  a  satisfactory  illumi- 
nation system  or  installation  are:  (a)  efficiency,  (&)  uniformity,  (c)  diffusion,  (d)  eye  protection, 
(c)  color  value,  and  (/)  appearance. 

6a.  Efficiency. — By  efficiency  is  meant  the  useful  percentage  of  the  total  quantity 
of  light  emitted  by  the  light  source.  By  useful  light  is  meant  the  light  which  actually  produces 
illumination  on  the  surface  or  object  desired.  It  Lb  light  that  remains  after  subtracting  the  light 
absorbed  by  the  reflecting  equipment  and  the  ceiling  and  walls.  Efficiency  as  used  here  is  some- 
times termed  '^  utilization  efficiency. "  It  is  expressed  as  a  percentage  of  the  total  number  of 
lumens  incident  on  the  working  plane  and  this  percentage  is  called  '^  utilization  factor."  A 
knowledge  of  utilization  factors  is  necessary  for  the  design  of  an  efficient  lighting  system.  Table* 
1  gives  utilization  factors  upon  the  working  plane  for  a  number  of  typical  conditions. 

While  efficiency  should  be  considered  in  the  design  of  a  lighting  system,  it  is  not  alwa3rs  of 
prime  importance  especially  in  comparison  with  eye  protection.  It  should  not  be  sacrificed, 
however,  unless  there  is  a  corresponding  gain  in  some  other  factor.  On  large  installations,  it  wQI 
always  pay  to  calculate  the  cost  of  any  sacrifice  which  is  made  in  efficiency  in  order  to  be  sure 
that  it  is  justified. 

66.  Uniformity. — By  uniform  illumination  is  meant  the  freedom  from  variation 
in  the  light  distribution  in  a  room  or  space.  When  the  same  foot-candle  intensity  is  obtained 
at  every  point  on  the  working  plane,  the  illumination  is  uniform.  Although  absolute  uniform- 
ity is  not  necessary  in  practice,  streaks  of  excessive  brightness  and  shadows  are  to  be  avoided 
because  they  are  tiring  to  the  eyes. 

Degree  of  uniformity  is  usually  expressed  as  a  percentage  deviation  from  the  mean  or  aver- 
age. Thus,  if  the  average  illumination  is  2  foot-candles,  the  maximum  2.4  foot-candles,  and  the 
minimum  1.5  foot-candles,  the  greatest  deviation  from  the  average  is  0.5  foot-candles.  This  is 
25%  of  the  average.  Therefore,  the  degree  of  uniformity  is  expressed  as  25%  maximum  devi- 
ation from  the  mean. 

Illumination  that  does  not  have  a  greater  deviation  than  30%  from  the  mean  ia.  for  all  practical  purpoaea. 
uniform  illumination.  The  eye  eannot  detect  such  a  variation  in  an  ordinary  room.  Variations  considerably 
greater  than  this  are  often  found  even  in  well  laid  out  syttems.  In  rooms  where  close  work  is  to  be  performed, 
such  as  offices,  drafting  rooms,  schools  and  the  like,  30%  maximum  deviation  is  a  desirable  limit.  In  atorca, 
churches,  theatres,  many  parts  of  factories,  etc.,  variations  up  to  60%  may  be  allowed.  In  such  places  aa 
houses,  stock  rooms,  corridors,  etc.,  atill  greater  variations  in  illumination  are  not  seriouB. 

>  The  Lighting  Handbook,  Oen.  Eleo.  Co. 
'  FundMmeDtMh  oi  IJJumiaation  Design,  National  Lamp  Works  of  Q«n.  Elec.  Co. 
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Tabli  1. — CosPFiciGNTs  or  Utclczation 

Thl»  »blB  budUm  to  imiilUliom  in  iqwrt  room  tiaving  •ufficionl  UghtloR  onlw  BymnntHMlly  ki 
incrd  to  prcdun  rcuonably  uniform  illuniinaliOD.     To  abUia  the  coefliriint  (oriuy  rccuncuJurroon 
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0.30 

minimum  mountioa  bcifbts  ia 


■  of  Ump*  tad  by  the  us  of  propnly  draiined 
iniiwtion  on  Uie  workinc  pUne  with  differeDt  typr* 
I.  Not  only  i>  the  mountinf  h«cht  at  the  temp  de- 
«  o(  tha  lunpa.     A  Ubie  ol  uuiimum  ipuibv  and 
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Tabu  2. — Rbcouuendbd    Maxucu  Spacinqs  and  Mihiuuu  Mountiko  Hbiobts  roi 

Vabious  VMira 

(Mounting  height  oqiuls  distanoa  of  light  uurco  above  piano  of  iUumination} 


-  n_,              «"-""« 

Bpuids 

« 
Hi 
l>it 

IW 

Hi 

US 

K 
IM 

»i 

H 

H 
H 

H 

Opal  or  pormtain  oiunic]: 

Dome 

TaU[ly  enrloiiDi  (Uh 

•Totetrr 
tTojrltP 
t  HeichI « 


II  dIaUncr,  multiply  Rmtio  by  mnuntin*  hriibt. 
inc  height,  multiply  Rktio  by  apacinii  diitanoe. 


Inttmlvr 


w 


'^^ 


wbeti 

Be.  Diffusion. — Diffusion  of  illumination  may  be  defined  as  the  degree  to  iriiicb 
the  Ught  received  at  any  point  cornea  from  diSerent 

nevfng ^yjv directions     If  the  light  received  at  any  point  on  the 

plane  of  illumination  comes  from  many  direcUons, 
the  diffusion  is  good;  if  it  comes  from  only  a  few 
directions,  the  diiTusion  is  poor.  An  example  of 
good  diffusion  is  furnished  by  indirect  lighting  in 
which  the  light  on  the  plane  of  illumination  cornea 
from  a  large  area — the  ceiling.  An  example  of 
poor  diffusion  is  iUuminsition  obtained  from  a 
single  opaque  parabolic  reflector  which  projects  the 
light  in  a  single  direction.  A  high  degree  of  diffu- 
sion eliminates  shadows  and  glare.  Poor  diffusion 
of  illumination  ia  characterized  by  excessive  bright- 
ness at  some  portions  of  the  field  of  view  reaulting 
m  unpaired  vision  and  discomfort  to  the  eye. 


;ontmt  f  Im,  k  dus  to  «xe« 
com-wriion  wiOi  othw  objceta. 
d  this  type  of  (Iin.  viaiblg  UgU 
isn  200  timLs  u  briaht  u  tMr 


Sd.  Eye  Protection. — The  importance  of  protecting  the  eyes  against  the  injuiriotu 
effects  of  improperly  placed  lif;hts,  excessive  brightness,  glare,  and  other  harmful  consequences 
of  an  improperly  designed  lighting  system,  cannot  be  too  strongly  emphasized.  Eye  protec- 
tion ahould  be  given  first  consideration  in  any  illumination  scheme.  In  any  well  designed 
lightingsystem,  care  should  be  taken  to  so  place  and  shade  light  sources  so  that  the  bare,  brilliant 
source  will  not  be  in  the  range  of  vision  nor  will  there  be  extreme  contrasts  of  light  and  shade. 
When  reflectors  arc  used  they  should  be  deep  enough  to  conceal  the  lamp  from  view  at  all  ordi- 
nary angles  of  vision.  The  glare  from  a  brilliant  light  source  is  most  detrimental  where  the 
light  source  is  close  to  the  line  of  sight.  As  it  ia  moved  away  from  the  line  of  sight,  the  glar« 
decreases,  and  practically  ceases  when  the  angle  between  the  line  of  sight  and  the  line  from  the 
lamp  to  the  eye  is  over  36  deg.     The  maaimum  an|Ie  of  glare  effect  is  shown  in  Fig.  6.     Iliree 
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clear  globe  lamps  in  the  Bockets  would  be  quite  objectionable.  A  deep  panel  reflector  will  remove 
this  objectioQ  and  prevent  harmful  glare.  Under  all  ordinary  conditions,  deep  bowl  reflectors, 
covering  the  lamp  down  to  65  deg.,  give  sufiicient  shielding  for  good  eye  protection.  It  is  evi- 
dent that  a  glass  reflector  to  be  effective  must  not  transmit  too  much  light.  The  reflectors 
should  be  of  prismatic  construction  or  the  glass  should  be  of  sufficient  opacity  to  greatly  reduce 
the  amount  of  transmitted  light.  Ground  glass  or  opalescent  glass  should  not  be  used  especially 
with  gas-filled  (Type  C)  Mazda  lamps. 

Se.  Color  Value. — The  eye  has  developed  under  the  stimulus  of  the  light  of 
the  sun  or  white  light  as  it  is  commonly  called.  The  color  of  an  illuminated  body  may  be  due 
to  several  causes.  It  is  obvious  that  the  color  of  an  object  will  depend  fundamentally  upon  that 
of  the  illuminating  light;  but  since  we  are  so  accustomed  to  viewing  objects  by  sunlight,  in 
describing  the  color  of  an  object  the  illumination  is  always  assumed  to  be  white  light.  White 
light  or  sunlight  is  then  the  normal  light  for  ordinary  illumination  purposes.  When  artificial 
light  sources  are  used,  the  light  should  approach  white  light  as  closely  as  possible.  In  churches, 
residences,  theatres,  and  many  classes  of  stores  and  factories,  white  light  is  not  essential  and 
the  usual  types  of  reflecting  equipment  are  entirely  satisfactory.  On  the  other  hand,  white 
light  is  quite  essential  in  establishments  such  as  drygoods  and  clothing  stores,  millinery  shops, 
art  galleries,  furniture  stores,  florists  shops,  color-printing  shops,  hospitals,  doctor's  offices,  ete., 
or  any  place  where  color  is  an  important  factor  in  determining  the  value  or  condition  of  the  object. 
In  laying  out  a  lighting  system  it 

is  usually  unnecessary  to  give  much  ! 

consideration  to  the  color  question,  Y        Cm/tng-^  J 

except  to  avoid  colors  that  are  dis-  ^  ..•''^  /hjrirrnjm 

agreeable  and  injurious  to  the  eyes.  ,^V'       I   Sm^fkcf 

In   many   cases,  as    pointed   out  ^,^'''      ^^^^  ^^   ,.--'* 

above,  the  shades,  reflectors,  and  ^^''''  .-'' 

lamps    should   be   carefully   con-        JL''^J^[.^fL.fyf./?!}y!f.^f^^ 
sidered  in  order  that  as  near  as        ^  [ 

possible  white  light  may  be  secured.  i 

6/.    Appearance. —  I 

The  purpose  of  illuminating  ob- 
jects is  not  merely  to  show  their     -^— — ^— ^— 
presence  and  to  facilitate  move-  Fia.  6. 

ment,  but  also  to  arouse  emotions; 

that  is,  to  create  pleasurable  and  informative  impressions  on  the  human  mind.  In  other 
words,  the  function  of  Ughting  is  not  narrowly  utilitarian  but  it  also  has  an  esthetic  value. 
'*Since  it  is  the  pattern  made  by  rays  of  varjring  intensity  and  of  varying  color  on  the  retina, 
calling  up  various  reminiscences  to  our  mind,  that  enables  us  to  see,  to  understand  what  lies 
before  us,  it  follows  that  the  type  of  lighting  that  sets  in  motion  the  most  powerful  train  of 
associative  ideas  is  the  one  that  may  have  greatest  emotional  effect;  but  the  intensity  of  the 
emotional  effect  is  not  proportional  to  the  intensity  of  the  light  even  though  the  intensity  of 
that  light  may  affect  the  clearness  with  which  the  different  physical  aspects  of  the  object  are 
discerned.  The  physical  aspects  are  not  always  the  most  interesting  features;  we  are  often 
more  interested  in  the  memories  called  up  by  the  object."*  Proper  lighting  is,  therefore,  of 
tremendous  artistic  importance,  and  the  illumination  engineer  and  the  architect  should  jointly 
plan  the  lighting  system  so  that  the  result  may  not  be  garish  but  artistic  and  harmonious. 

7.  The  Design  of  Lighting  Systems. — In  designing  a  lighting  system  the  following  process 
is  usually  followed:  (1)  the  selection  of  the  type  of  lighting  system  and  lighting  units,  (2)  cal- 
culation of  the  quantity  and  distribution  of  the  light  flux,  and  (3)  determination  of  the  location 
and  size  of  lighting  units. 

8.  Types  of  Lighting  Systems. — In  general,  the  different  lighting  systems  may  be  classed 
as  direct,  indirect,  and  semi-indirect.  Although  no  definitions  of  these  terms  have  been  agreed 
upon,  nevertheless,  certain  distinctions  and  characteristics  are  usually  recognixed  as  explained 
In  the  following  articles. 

*  Lowell  lUuminAting  EnginMring  Praetlot. 
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Direct  lighting  is  a  term  applied  to  a  system  of  lighting  in  which  the  light  is  projected  either  direotly  or  hf 
means  of  a  reflector  mounted  on  the  lamps  in  the  direction  of  the  objects  to  be  illuminated.  Any  lamp  endosed 
in  a  ball  globe  or  equipped  with  a  glass  ornamental  reflector,  arranged  to  reflect  the  light  toward  the  object  iUumi- 
nated,  is  classified  as  direct  lighting  (I>ig.  7).  The  energy  efficiency,  measured  in  watts  per  foot-candle  on  tUomi- 
nated  surface,  is  highest  in  direct  lighting. 

An  indirect  lighting  n^m  is  one  in  which  all  the  light  Is  first  refiected  to  the  ceiling  or  walls  from  wbieh  it  is 
again  reflected  to  the  plane  to  be  illuminated.  Before  reaching  the  plane  of  illumination  the  light  undergoes  at 
least  two  and  perhaps  more  reflections  (Fig.  8).  Since  some  light  is  absorbed  at  each  reflection,  it  u  evident  that 
the  energy  efficiency  is  comparatively  low. 


A^. 


•y^. 


X 


\' 
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FiQ.  8. 


A  <em»Wndtrect  lighting  ayitem  is  a  combination  of  the  direct  and  indirect  lighting  systems.  In  this  ayitem 
a  part  of  the  light  is  projected  or  reflected  direotly  upon  the  plane  of  illumination,  but  the  greater  part  is  directed 
to  the  ceilings  or  walls  from  which  it  is  reflected  to  the  proper  plane.  This  is  illustrated  in  Fig.  9.  Tbe  di€Ferent 
bowls  for  semi-indirect  lighting  should  be  of  such  density  that  when  illuminated  they  are  no  brighter  than  the  ceil- 
ing. The  energy  efficiency  of  semi-indirect  lighting  is  less  than  that  of  direct  lighting.  Indirect  or  semi-indirect 
lighting  is  nearly  always  the  best  for  offices,  schoolrooms,  and  many  other  types  of  work  rooms. 

9.  Local  and  General  Illumination. — Illumination  may  also  be  considered  with  reference 

to  space  lighted.  We  thus  have  local  and  general  illumination.  In 
local  illumination,  attention  is  given  only  to  the  objects  or  space  to  be 
illuminated  without  reference  to  the  surroundings  — ^as,  for  example, 
where  a  lamp  is  used  over  a  desk.  In  general  illumination  the  light  is 
distributed  over  the  surrounding  objects  as  well  as  over  a  given  particu- 
lar space.  Local  lighting  should  not  be  used  by  itself  but  only  in  com- 
bination with  general  illumination. 

10.  Selection  of  Lighting  Units. > — Whether  gas  or  electric  lamps 
shall  be  used  will  depend  on  local  conditions.  Both  the  electric  in- 
candescent lamp  and  the  gas  mantle  burners  are  adapted  to  the 
illumination  of  almost  any  kind  of  interior  from  the  roughest  to  the 
most  refined.  For  the  illumination  of  certain  types  of  offices  and  in- 
dustrial plants,  the  mercury  vapor  lamp  is  also  available.  The 
color  of  the  light  from  the  mercury  vapor  lamp  is  objectionable  from 
an  artistic  standpoint  although  it  has  not  been  found  harmful.  It 
is  especially  well  adapted  for  drafting  rooms  and  the  like. 

In  choosing  between  the  electric  incandescent  lamp  and  the  gas 
mantle  burner,  the  following  factors  will  guide  in  the  proper  selec- 
tion :  (a)  relative  cost  per  1000  lumens  at  current  prices ;  (h)  relative 
convenience  of  control;  (c)  blacking  of  walls  and  ceiling  by  gas;  (d)  variation  in  pressure  of 
gas  and  of  voltage  in  electric  supply;  (e)  the  relative  cost  of  glassware  and  mantle  renewals; 
(/)  no  lighting  imit  should  be  chosen  which  does  not  permit  the  use  of  proper  globe,  shade, 
or  reflector  to  secure  the  satisfactory  distribution  of  light  and  does  not  satisfy  hygienic 
requirements. 


nfctkitn 
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^Principles  of  Interior  Illumination  by  Cravath,  Harrison  and  Pierce,  Illuminating  Engineering  Practice,  pp. 
tA  and  65. 
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shaped  bulba  of  clear  and  bluo-green  colored  glaaa.  Tha  trade  dnigna- 
tinn  of  the  farmer  ia  type  C  and  of  the  latter,  type  C-3.  The  efficirncie* 
of  tha  type  C  lamps  ranie  from  11.5  lumeoi  per  watt  for  the  76-watt 
110  to  tZS-vDlt  lamp  to  approiimatsly  18  lutnene  per  watt  for  tha  IDOO- 
watt  lamp  of  the  some  roltace  and  claaa.     The  type  OS  lamp*  empio 
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Type  B 


Waita  per 

B 

ulb 

Maximum 

Ampere.              1 

'■'" 

Watta 

candle 
power 

per  watt 

lumena 

Type 

(inehe.) 

length 
(inehaa) 

llOvolla 

320rolU 

Straiiht 

id3 

10 

7.S2 

75 

S-17 

3M 

*H 

0,091 

15 

1.47 

55 

138 

S-17 

2M 

4M 

0.139 

110 

35 

1.37 

,7 

330 

S-IB 

2»i 

5K 

0.237 

40 

1.33 

45 

378 

S-19 

O.SM 

125 

60 

1.32 

52 

476 

S-19 

3H 

SK 

0.455 

00 

1.39 

74 

585 

S-21 

0-548 

100 

1.34 

10 

13 

1010 

8-30 

m 

m 

0  91 

35 

1.65 

02 

ISO 

8-19 

2M 

0.114 

220 

SO 

1.49 

43 

423 

8-10 

8-30 

3H 

TH 

0.466 

150 

f 

45 

1420 

8-35 

*H 

0,87 

250 

1,20 

10 

47 

3820 

8-40 

* 

1.14 

Round b 

lib 

IS 

1,53 

8.21 

123 

a-18H 

3<IX 

0.134 

IS 

1.43 

8.79 

133 

G-3S 

3)( 

4« 

O-ISH 

3». 

3K 

0.387 

1.3S 

0.31 

340 

0-25 

4)i 

0.327 

125 

1.33 

3SS 

G-25 

3M 

0.3*4 

10.33 

630 

G-ao 

3»i 

0.648 

100 

1  IS 

10,05 

1100 

o-aa 

*H 

TM 

0.91 

320 

25 

1,03 

771 

1B3 

G-25 

3H 

4K 

0.114 

250 

50 

1,« 

S,43 

432 

G-2a 

m 

m 
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Wattapw 
■pherlal 
«i>dl* 

Ldihu 

p«  w«tt 

ToUl 
lunau 

Bulb 

Muimnm 
orendl 

l«1Cth 
(iDCbM) 

Tohi         W.tt. 

Typ. 

DUmrter 
(iocha) 

110  volt! 

230nltt 

no 

to 
12S 

7S 
100 

200 
1000 

I.OB 
1. 00 
0.S3 

O.M 
O.TS 

0.7B 

11.63 
12.  S7 

14.01 
IS.  33 

17,95 

saa 

1.2C0 
2.050 

2.020 

o!iso 

8.060 
12.800 
18.000 

P8-2Z 

ps-as 

PB.-30 
P8-35 
P9-40 

P8-40 
PB-S2 
P8-52 

m 

3H 

3« 
5 

8>i 

m 

7M 
7H 

8H 
10 

13» 
13« 

0.08 
1.37 

a.80 
11.10 

2M 
ISO 

300 
400 

SOO 
7S0 

0,86 

0.82 
0.78 

13.06 

14.78 
1S.33 
10.11 

2.820 
4.100 
5.850 

7.400 
11.500 
10.100 

PB-30 
P8-36 
PS-40 

P9-40 
P8-52 
PE-52 

3»i 

s 

5 
8» 

0>t 

9« 
10 

10 

ia« 

13« 

O.SI 
1.37 
1.83 

s.a7 

8.41 
4.U 

Wntu  per 

perwBtt 

ToUl 
lumeM 

Bulb 

MHlmum 

A.p..» 

VqlU 

WMM 

candle 

power 

Typ. 

(incbc) 

l«n,tb 
(incba) 

UOvolU 

220*qHa 

75 

1  58 

80 

800 

P8-!a 

iH 

8M 

0.08 

100 

1.44 

P8-2S 

3M 

7H 

110 

ISO 

1.34 

8.4 

1400 

P8-25 

3H 

7>< 

1.37 

126 

2000 

3» 

8» 

1.83 

300 

i.ia 

11.2 

3350 

PS-35 

4H 

500 

1.12 

11.2 

fiOOO 

P3-40 

5 

10 

4. 55 
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FOlDied  bulb.     The  luminDui  elKcitD 
pa.     Recently  there  hu  beeo  plued 
bulb,  Fis.  II. 

The  fiUmrnta  of  all  gu-Glled  lampa 
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11.  QuantitT  and  DIstribntioD  of  Lifbt. — The  range  of  possible  illu- 
mination intensities  for  illumi nation  varies  from  a  fraction  of  a  foot-candla 
to  several  thousand  fooHiandlea,  If  the  intensities  are  t«o  low,  however, 
it  is  impossible  to  distinguish  detail,  and  thus  there  is  a  minimum  inteofli^ 
below  which  illumination  is  not  satisfactory.  There  is  no  exact  limit  to 
P,Q   jj  the  upper  ranges  but  considerations  of  economy  usually  limit  the  intensitiM 

to  the  lower  values  for  artificial  illumination.    Another  consideration  that 
det«nniDe8  the  illumination  intensity  is  the  use  and  character  of  the  room  or  space  to  be  ilhimt 
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Table  4. — RECOMifBNBED  Illumination  Intxnsitiss  fob  Different  Classes  of  Service^ 


Class  of  service 


Armory 

Assembly  room 

Auditorium 

Automobile  show  room . 

Ballroom 

Bank,  general 

Bank,  desk 

Barber  shop 

Billiard  room: 

General 

Tables 

Bowlins;  alley , 

Bowling  pins 

Cafe,  general  only 

Cafe,  with  table  lights. 

Card  room , 

Church 

Corridors , 

Court  room , 

Desk 


Drafting  room 

Garage 

Gymnasium 

Hospital: 

Ward  room,  dim 

Ward  room,  bright 

Op?rating  table 

Hotel: 

Bedroom 

Dinin);  room 

Dining  room 

Lobby 

Library: 

Stack  room 

Reading  room 

Reading  room 

Ofiice: 

Large 

Large 

Small  (private) 

Small,  general 

Residence: 

Hall 

Parlor 

Living  room 

Dining  room 

Library 

Kitchen 

Laundry 

Bathroom 

Bedroom 

Store  and  furnace  rooms 
Schools: 

Auditorium 

Blackboards 

Class  rooms 

Laboratories 

Sewing  rooms 

Shop  room* 


2' 

Method  of 
illumination 


3« 

Suitoble  kind 
of  lighting 


4« 

Intensity  of  illumination, 
foot-candles 


Q 

G 

G 

G 

Q 

Q 
G,  L 
G.  L 

G 

L 
G.  L 
G,  L 

G 
G.  L 

G 

G 

G 

G 

L 
G,  L 
G.  L 

G 

G 

G 

L.  G 

G.  L 

G 
G.  L 

G 

L.G 

G 
G.L 

G 
G.L 
G,  L 

Q 

G 

G 

G 

O 
G.L 
G,  L 

G 
G,  L 
G.L 

Q 

Q 
G 
Q 
O 

G,  L 
Q,  L 


D 

D.  SI.  I 
D.  SI.  I 
D.  SI 
D.  SI 
I,  SI.D 
D.  SI. 
D.  SI.  I 

D.  SI 
D 
D 
D 
I,  SI.  D 
SI 
D 
I.  SI.  D 
D.  SI 
D.  SI 
D 
I.  SI.  D 
D 
D 

LSI 

I.  SI 

D 

SI.  D 
SI.  D 
SI 
SI.  D 

D 
SI 
SI.  D 

SI.D 
SI.  D 
SI.  D 
81 

SI.D 
81,  D 
81.  D 
SI.  D 
SI,D 
D 
D 
D 

SI.  D 
D 

SI.  D 
SI.  D 
SI.  D 
SI.  D 
81.  D 
D 


2.0-  3.0 
0.&-  1.6 
1.0-  8.0 
3.0-  6.0 
2.0-  5.0 
2.0-  3.0 
4.0-  6.0 
3.0-  5.0 

O.a-  1.5 
6.0-10.0 
1.0-  2.0 
4.0-  6.0 
2.0-  4.0 
1.0-  2.0 
2.0-  3.0 
2.0-  3.0 
0.&-  1.5 
2.0-  4.0 
4.0-  6.0 
6.0-12.0 
2.0-  3.0 
2.0-  4.0 

0.2-  0.3 

2.0-  3.0 

15.0-25.0 

1.5-^  3.0 
2.0-  4.0 
1.0-  2.0 
2.0-  4.0 

1.&-  2.0 
3.0-  4.0 
1.0-  1.5 

3.&-  5.0 
1.&-  2.0 
3.0-  4.0 
3.0-  5.0 

0.7-  1.0 
1.0-  3.0 
1.&-  2.5 
1.0-  3.0 
1.&-  2.5 
2.0-  3.0 
l.fr-  3.0 
2.0-  3.0 
1.0-  3.0 
0.4-  0.8 

8.0-  4.0 
3.0-  5.0 
3.0-  5.0 
8.0-  5.0 
5.0-10.0 
8.0-  6.0 
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Table  ^.—-Continued 


CUss  of  service 


2« 

Method  of 

illumination 


3" 

Suitable  kind 

of  lighting 


Stores: 

Large  department  stores: 

Main  floors 

Other  floors 

Stores  of  medium  sise: 

Book  and  stat'oncry. . 

CHothint 

Drug 

Dry  goods 

Furniture 

Grocery 

Exclusive  small  stores: 

Light  goods 

Dark  goods 

Small  stores  in  general. 

Art 

Book 

Bakery 

Butcher 

Cigar 

Clothing 

Confectionery 

Decorator 

Drug 

Dry  goods 

Florist 

Furrier 

Grocery 

Haberdasher>' 

Hardware 

Hat 

Jewelry 

Millinery 

Notions 

Shoo 

Tailor 

Theatre: 

Auditorium 

Moving  picture,  dim 

Moving  picture,  bright. . 
Station: 

Waiting  room 


G 
G 

G 
G 
G 
G 
G 
G 

G 
G 

G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 

G 
G 
G 


SI,  I. 

D 

SI.  I. 

D 

81. 

D 

SI. 

D- 

ST. 

D 

SI. 

D 

SI. 

D 

SI. 

D 

SI.  I. 

D 

SI.  I. 

D 

SI. 

D 

D.  SI 

D.  SI 

D.  SI 

D.  SI 

D.  SI 

D,  SI 

D.  SI 

D.  81 

D,  SI 

D.  SI 

D.  SI 

D.  SI 

D,  SI 

D.  SI 

D,  SI 

D.  SI 

D.  SI 

D,  81 

D.  SI 

D,  SI 

SI, 

D 

81. 

D 

SI. 

D 

4« 

Intensity  of 
illumination,  foot-candles 


6.0-10.0 
4.0-  7.0 

3.0-  6.0 
4.0-  7.0 
4.0-  6.0 
4.0-  7.0 
3.0-  5.0 
3.0-  5.0 

6.0-10.0 
8.0-12.0 

5.0-  8.0 
3.0-  6.0 
3.0-  4.0 
3.0-  4.0 
4.0-  6.0 
4.0-  7.0 
3.0-  5.0 
4.0-  5.0 
3.0-  6.0 
4.0-  7.0 
3.0-  4.0 
5.0-  7.0 
3.0-  4.0 
5.0-  7.0 
3.0-  4.0 
4.0-  6.0 
4.0-  6.0 
4.0-  6.0 
3.0-  5.0 
3.0-  4.0 
4.0-  7.0 

1.0-  3.0 
0.1-  0.3 
1.0-  2.0 

2.0-  3.0 


>  Holophane  Works  of  Gen.  Elec.  Co.,  Engineering  Dept.,  National  Lamp  Works  of  Gen.  Eleo.  Co.,  F.  A. 
Vaughn  and  others. 

'  In  column  2.  G  means  general  and  L  means  local  illumination. 

*  In  column  3,  D  means  direct,  SI  semi-indirect  and  I,  indirect  lighting. 

*  In  column  4,  the  intensities  of  illumination  are  those  recommended  by  various  authorities.  The  llhimina- 
tion  intensities  for  general  illumination  are  the  average  over  the  working  plane.  The  values  given  for  general 
and  local  illumination  are  those  recommended  for  general  lighting. 

Dated.  It  cannot  therefore  be  said  that  certain  illumination  intensities  will  give  the  most  satis- 
factory illumination  under  all  conditions,  but  under  the  limitations  mentioned  above,  they  will 
give  satisfactory  results.  Illumination  intensities  that  will  fulfill  these  requirements  for  various 
classes  of  service  are  given  in  Table  4. 

12.  Determination  of  Size  and  Location  of  Lamps. — When  the  type  of  lighting  and  the 
intensity  of  illumination  has  been  decided  upon,  the  next  step  is  the  determination  of  the  exaet 
sise  and  location  of  the  lighting  units.    The  problems  under  this  head  are  in  general  of  two 
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types:  viz.,  either  local  illumination  of  a  certain  intensity  will  be  required  while  little  considera- 
tion will  be  given  to  general  illumination,  or  minimum  and  maximum  intensities  for  general 
illumination  are  specified  and  little  regard  is  given  to  local  lighting. 

In  the  problems  of  the  first  class,  it  is  assumed  that  a  certain  number  of  foot-candles 
illumination  is  desired  at  a  particular  point.  Such  problems  are  solved  by  what  is  known  as 
the  Point-by-point  method  of  illumination  calculation.  The  general  principles  of  the  method 
are  as  follows:  In  Fig.  12,  let 

Cp  ="  candle  power  of  lamp  in  the  direction  from  lamp  to  T, 

h  —  height  in  feet  of  lamp  above  the  plane  of  illumination. 
/  =  distance  in  feet  of  point  T  from  lamp. 

Ih  ==  illumination  intensity  in  foot-candles  on  horizontal  plane  at  7*. 

Iv  ==  illumination  intensity  in  foot-candles  on  a  vertical  plane. 
Then  the  illumination  in  foot-candles  at  point  T  on  plane  TB  is 

Cv 
Illumination  —  -yj-  foot-candles 

Since  the  plane  TB  makes  an  angle  with  the  plane  of  illumination,  the  intensity  of  illumination 
on  plane  A2'  at  point  T  is 

/*  » -y^  cos  0  foot-candles 

The  candle  power  of  the  lamp  in  the  direction  of  7  is  taken  from  the  photometric  or  candle 
power  distribution  curve.  As  this  is  usually  plotted  for  5-deg.  values  of  0,  and  as  A  is  fixed, 
it  is  more  convenient  to  express  the  illumina- 
tion intensity  on  the  horizontal  plane  at  7*  in 
terms  of  Cp^  hy  and  cos  0.     Thus, 

h* 

/*  =  -TT-  COS  0  .  •  ' 


h* 


COS*  0 


-^CO8»0 


B 


In  exactly  the  same  way  the  illumination  in- 
tensity on  a  vertical  plane  can  be  calculated         f  ••. 
from  the  equation  i '^^ — Phrm  afilfummaflon  .j    [  _ 

/•  =  -f  sm»  0 

»*  ^  Fio.  12. 

where  «  is  the  horizontal  distance  from  the  point  T  to  the  vertical  dropped  from  the  lamp  or 
TA  (see  Fig.  12). 

The  candle  powers  to  be  substituted  in  the  above  formulas  are  taken  from  the  distribution 
curves  in  the  particular  direction.  They  are  not  the  nominal  rated  candle  power  of  the  light 
source.  To  facilitate  calculation,  values  of  cos*  ^  for  degree  intervals  are  given  in  Table  5. 
The  process  explamed  above  may,  however,  be  reversed  and  the  size  of  lamp  required  to  give 
a  certain  assumed  illumination  intensity  for  local  illumination  be  calculated.  Thus,  if  /  is 
given,  we  have 

Cp  « — ;— 
cos»  0 

That  is,  the  candle  power  in  the  desired  direction  is  obtained  by  multiplying  the  illumination 

intensity  on  the  horizontal  plane  by  ^^,    ■    If  the  position  of  the  illumination  plane  is  not 

specified,  the  result  will  be  approximately  correct  if  the  illumination  intensity  in  foot-candles 
is  multiplied  by  the  square  of  the  distance,  in  feet,  of  the  point  to  be  illuminated  from  the 
lamp.    By  comparing  the  candle  power  thus  ealculated  with  the  candle  power  curves  of  lamps 

14 
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Table  5. 

— Tablb 

OF  Cob*  and  Sin* 

^'^ 

■in^ 

■in*^ 

oot^ 

oot*^ 

♦• 

dn^ 

gin*^ 

cos  ^ 

oca^ 

0 

0.0000 

0.0300 

1.000 

1.030 

43 

0.082 

0.317 

0.731 

0.301 

1 

0.0176 

0.0300 

1.000 

1.000 

44 

0.606 

0.336 

0.719 

0.372 

2 

0.0349 

0.0300 

0.999 

0.998 

45 

0.707 

0.364 

0.707 

0.354 

3 

0.0523 

0.0301 

1.999 

0.996 

40 

0.719 

0.372 

0.095 

0.335 

4 

0.0398 

0.0003 

0.998 

0.993 

47 

0.731 

0.391 

0.082 

0.317 

5 

0.087S 

0.0007 

0.996 

0.989 

48 

0.T4S 

0.410 

o.ees 

0.800 

6 

0.105 

0.0011 

0.995 

0.984 

49 

0.756 

0.430 

0.656 

0.282 

7 

0.122 

0.0318 

0.993 

0.978 

60 

0.766 

0.460 

0.643 

0.266 

8 

0.139 

0.0327 

0.990 

0.971 

61 

0.777 

0.469 

0.629 

0.240 

0 

0.156 

0.0038 

0.988 

0.964 

52 

0.788 

0.489 

0.616 

0.233 

10 

0.174 

0.005S 

0.9C5 

0.900 

03 

0.799 

0.009 

0.601 

O.SIS 

11 

0.101 

0.0069 

0.982 

0.946 

64 

0.809 

0.530 

0.688 

0.203 

12 

0.208 

0.0390 

0.978 

0.936 

65 

0.819 

0.550 

0.674 

0.180 

13 

0.225 

0.0114 

0.974 

6.926 

50 

0.829 

0.570 

0.659 

0.175 

14 

0.242 

0.0142 

0.970 

0.913 

57 

0.839 

0.690 

0.646 

0.163 

15 

O.SSS 

0.0173 

0.9M 

0.901 

03 

0.848 

0.610 

o.oso 

0.140 

16 

0.276 

0.0209 

0.961 

0.888 

69 

0.867 

0.630 

0.515 

0.137 

17 

0.292 

0.0250 

0.956 

0.876 

60 

0.806 

0.650 

0.500 

0.125 

18 

0.309 

0.0295 

0.951 

0.800 

61 

0.875 

o.eeo 

0.486 

0.114 

10 

0.326 

0.0345 

0.946 

0.845 

62 

0.883 

0.088 

0.470 

0.103 

SO 

0.S4S 

0.0100 

0.940 

O.SSO 

63 

0.C91 

0.707 

0.404 

o.ooeo 

21 

0.358 

0.04C0 

0.934 

0.814 

64 

0.899 

0.726 

0.438 

0.0842 

22 

0.375 

0.0520 

0.927 

0.797 

65 

0.900 

0.744 

0.423 

0.0756 

23 

0.391 

0.0590 

0.921 

0.780 

60 

0.914 

0.762 

0.407 

0.0073 

21 

0.407 

0.0073 

0.914 

0.702 

67 

0.921 

0.780 

0.391 

0.0G07 

S5 

0.4SS 

0.0755 

0.906 

0.T44 

63 

0.927 

0.797 

0.370 

o.oite 

26 

0.438 

0.0S43 

0.899 

0.726 

69 

0.934 

0.814 

0.358 

O.O4C0 

27 

0.454 

0.0930 

0.891 

0.707 

70 

0.940 

0.830 

0.342 

0.0400 

28 

0.470 

0.104  • 

0.883 

0.088 

71 

0.940 

0.845 

0.326 

0.0345 

29 

0.485 

0.114 

0.876 

0.669 

72 

0.951 

0.860 

0.309 

0.0205 

SO 

0.000 

0.120 

O.CM 

0.600 

T3 

0.906 

0.8T0 

0.S9S 

o.osco 

31 

0.515 

0.137 

0.857 

0.630 

74 

0.961 

0.888 

0.276 

0.0200 

32 

0.530 

0.149 

0.848 

O.GIO 

75 

0.906 

0.901 

0.259 

0.0173 

33 

0.545 

0.1C2 

0.839 

0.590 

76 

0.970 

0.914 

0.242 

0.0142 

34 

0.559 

0.175 

0.829 

0.570 

77 

0.974 

0.925 

0.225 

0.0114 

S5 

0.574 

0.189 

0.819 

0.000 

73 

0.978 

0.936 

0.S08 

O.OOCH 

36 

0.588 

0.203 

0.809 

0.530 

79 

0.982 

0.946 

0.191 

0.00005 

37 

0.G02 

0.218 

0.799 

0.509 

80 

0.985 

0.955 

0.174 

0.00524 

38 

0.016 

0.233 

0.788 

0.489 

81 

0.988 

0.604 

0.156 

0.00383 

39 

0.629 

0.249 

0.777 

0.469 

82 

0.990 

0.971 

0.139 

0.00270 

40 

0.64S 

0.2M 

0.7M 

0.400 

S3 

0.993 

0.978 

0.12S 

o.ooiei 

41 

0.056 

0.282 

0.755 

0.430 

84 

0.995 

0.984 

0.105 

0.03114 

42 

0.669 

0.300 

0.743 

0.410 

86 

0.990 

0.989 

0.0372 

0.0003 

Table  G. — Percent  Incsease  in  Illumination 


Color  of  ceiling 


Color  of  walla 


Very  dark 

Modium 

Medium 

Very  light 

Very  light 

Very  light 


Very  dark 
Very  dark 
Medium 

Very  dark 
Medium 
Very  light 


Increase  over 
calculated  illuminatioii 


0  per  cent 
15  per  cent 
40  per  cent 

30  per  cent 
35  per  cent 
80  per  cent 


^■■^p" 


."H.  n 
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of  different  sites,  the  proper  tamp  cui  be  Belect«d.  If  photometric  curves  for  all  lices  of  lamps 
are  not  available,  the  proper  aiie  can  uaually  be  calculated  with  sufficiently  close  appioxima- 
tion  from  curves  of  one  site  of  lamp. 

It  ia  evident  that  the  illumtaation  calculated  by  above  formulas  does  not  consider  the  in- 
fluence of  the  light  reflected  from  walls  and  surrounding  objects.  The  increase  in  illumination 
produced  by  this  reflected  light  is  impossible  to  determine  in  advance,  as  it  depends  upon  the 
size  of  the  room,  type  of  reflectors, 
color,  and  condition  of  the  walla 
and  ceiling.  The  approximate 
percent  increases  are  mdicated  in 
Table  6. 

IlloitratiTfl    ProUtm. — The    photo- 

mitric  curve  <Fw.  13)  u  foi  the  type  of 
li(ht  ■Duice  that  bu  been  Hiected  for  ■ 
given  inilsllntion.  The  lamp  u  >  100- 
witt  vacuum  tungateD  lamp 


the  direction  deured  ii  then 

Cp-(3)(8)>-lM  yj^_j3_ 

Curve  (Fi(.  13)  ehowa  the  lOO-watt  lamp 
emita  I2S  candle  power  at  an  anale  ol  3S  dan.  with  tbe  vertical,  hence,  tbo  bunp  required  if 

l!5^^-149orl«)watta. 

Most  of  the  illumination  problems  are,  however,  of  the  second  type,  vil.,  those  requiring  a 
certain  average  general  illumination.  These  probloma  are  most  readily  solved  by  the  flux-of- 
light  method  of  illumination  calculation.    The  process  consists  in  first  determining  the  illu- 

mi  nation  desired  on  the  working 
plane,  and  also  assuming  the  spacing 
of  the  lamps  such  as  to  give  a  re- 
asonable degree  of  uniformity.  The 
next  step  is  the  calculation  of  the 
total  light  flux  in  lumens  required  to 
be  generated  by  the  lampe.  This  is 
obtained  by  the  simple  formula 
Lumens  ~ 

Area  (sq.  ft.)  X  intensity  (ft.-candles) 
coefficient  of  utilisation 


fc* 

z  in 

+- 

ni 

"■< 

^'^^ 

^ 

A 

i 

"^^-- 

1 

__ 

-4=~ 

fcr=f-_ 

LI  1 

Hz 

! 

-i- 

where  A  is  the  area  of  the  working  plane,  /  is  the  desired  illumination  intensity,  and  k  is  the 
coefficient  of  utiliistion  as  given  in  Table  1.  In  applying  the  forgoing  formula  the  important 
thing  is  to  select  the  proper  value  of  k,  due  allowance  being  made  tor  dirt  and  age  of  lamp. 
The  depreciaiion  caused  by  dust  is  shown  by  curves  in  Fig.  14.  If  opaque  reflectors  are  used, 
k  can  be  determined  for  most  large  interiors  from  the  distribution  curve  of  the  lamp  and  reflector 
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hy  dividing  the  total  lumeiu  emitted  by  the  lamp  by  the  lumens  emitted  in  tli6  seme  ttom.  0  to 
70  deg.     For  smaller  rooms,  a  smaller  sone  should  be  used. 

When  the  total  number  of  lumens  required  are  determined,  there  remuns  fho  detcsmiiii- 
tion  of  the  siie  of  the  lamps  and  their  location.  These  two  ore  interrelated  quantities,  for  the  ' 
number  of  outlets  is  determined  by  the  architectural  features  of  the  room,  such  as  the  oeiliiii 
panels,  and  considerations  of  symmetry.  The  ideal  condition  is  when  the  ceiling  is  divided  into 
a  number  of  squares  with  an  outlet  at  the  center  of  each  square.  Frequently  such  an  arrange- 
ment is  impossible;  nevertheless,  long  and  narrow  rectangles  should  be  avoided.  TliesiMaf 
squares  that  may  be  used  with  direct  lighting  is  given  in  Table  ?.■ 


Table  7- — Desirablb  Siees 

or  Sairu,,!, 

— Direct  LioffriNQ 

Kind  of  room 

Odlin,  height 

DsiraU* 
leocthof 

«.»  .« 

Owr  16 

OTtr  15 
10-20 
0-12 

ia-19 

Over  18 

12-10 
lfi-3« 

8-11 
lO-lO 
14-22 

12-18 

T-II 

11-18 

1 
1 

"°~ 1 

Offlof*.  llbivHM.  Kbool  loom*,  diiflinc  toodu,  eto.: 

: :::::::Tr: 

r-t 

1              '"C-T- 

t"      -ix— - 

f        i 

Mfwimum  Olstonce  Between  Untta  in  FW- 
Fio.  15. 

Ratio  of  room  width  to  ceilini  beisht 


le  iquiire  with  the  ■mallcit  eeilini  height  civen. 

The  most  satisfactory  spacing  of  out- 
lets for  indirect  and  semi-indirect  lighting 
depends  largely  upon  the  ceiling  height 
The  distance  between  outlets  should  not  be 
greater  than  approximately  IK  times  the 
height  of  the  ceiling  above  the  working 
plane.  The  exact  distance  in  any  case  will 
bedeterminedby  local  conditions.  In  draft- 
ing rooms  and  offices  where  close  work  is 
perfonned,  the  spacing  should  be  less.  Fig. 
15'  shows  the  best  spacings  that  are  re- 
quired together  with  the  best  drop  from 
the  ceiling.  Fig.  16>  shows  the  widest 
spacings  permissible. 

UuitnitiTa  Problem. — It  1>  dealreil  to  Attiga  ■ 
liifatini  lyKem  [or  ■  iarae  office  room,  SO  X  100  tt. 
and  15  [t.  hifh.  The  oeilioci  are  white  or  rerj  Ilcht, 
and  the  walla  creeniah  era; ,  mediam. 

Anumins  Do  loeal  lighting,  the  eritem  ahooM 
be  dcalgncd  to  avoid  glare,  henn,  due  to  the  atae  of 
the  room  ao  iiidirect  ayetcm  ia  aeleeted.  Br  Tsbla 
4.  the  illumination  inteiuitr  for  targs  offloea  raagM 
from  4  to  8  toot-CKDdlM.     Amutds  6  loot-undua. 


-2.8.UI 
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'IDS  Zb7a  for  the  rfimminf  effect  of  diut  And  dflprecution  of  li^mpfl.  the  total  lamflnB  i 
kccordiDg  to  chart  Fie.  16<  the  epaciuc  for  ■  ZO-ft.  MJIins  ii  17  It.  If  arcbitectuial  festu 
Ik  locBtHl  M  indicated  iD  Fi|,  IT.  It  eolumTU  or  other  leaturca  interterfl,  ftdjuatmenta 
iccaaitatc  IS  outlet*.     The  lumeu  pet 


ii  120,000. 

lit,  the  lamiia 
made.     Thta 


^   -M79  « 


ht^re  diut  and  loot  rapidly  acGumulBtc.  the  £  ■  - 


should  be  I 

^obiem. — It  may  be  of  io 


q:  x  r 

41  rt  ?  - 

vt     fit     I 

r  a    5i 

^   Euit 

^^v-%- 

ipaced  13  ft.  and  lengthwiH.  lift.     There  will 

Since   114,500  lumena  are  nqoind, 
luitipiu  per  outlet  equala 


RefereDce  to  Table  3  Bhom  that 
200-irBtt  type  C  lampe  give  2920  lutnea*, 
hence     the/    irould    undoubtedly    prove 

niurtratuB  Ptobleo. — AaBonie  ■ 
■mall  drygoods  store  ZS  X  SO  ft.,  add  12 
ft.  high.  Ceilioi  is  irhile,  iralle  dark. 
How  maoy  and  what  eise  lampa  ehould  be 
medT 

Referring  to  Table  4,  the  itlununa- 


Tit.    IS 

identiona  of  eym- 

odificatioD  of  this 

epaciog.     The  outside  rowa  at  lamp*  majr 

n  the  wftlli.     Acroas  the  room  the  Umpa  mar  b* 

•utlets  per  row.  or  36  ontteti  in  all. 


indies. 


Ahuo 


H 

M|. 

t- 

rs 

Ii 

■|° 

K 

H 

*-'ii-''-t 

_5. 

^^: 

'    2     '     I 

Fio.  18. — Electrie 


Ratio  of  widtb  of  room  to  ceiling  height  >   j=   ••  3  f or  a  SE-ft.  sQuare  rooi 
us;  UH  B  in  tbe  latta  mm.    The  coefficient  of  utiliwtioo  for  a  light  opal  nfleo 
0.33  +  >i(O.M  -  0.33)  -  0.x 
Lumena  required  —  =.=g ■  17,400 


land  f^  -  4taral00-ft.s<; 
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Aaumins  ■  dBpredation  of  38%  ths  lamps  will  luva  to  Bsasnta  33,380  lomen*.  Tabla  7  rill 
of  12  It,  is  approilitittUlir  correct.  Thli  vlll  neccnitate  two  row*  of  S  lamps  aach,  or  10  lamp*  In 
of  lumcoa  pet  oatlst  is  33,3S0  +  10  -  3338,  and  ISO  typs  C  Masda  Umpg  wilt  undoubtedly  prove  MtialBctaT. 

niaitratiT*  Problem. — A  larce  dotbini  stare,  Fig.  18,'  is  to  be  lighted.  Caleulate  the  number  aAdslaeirf 
lamps  required.  Dimenalon*:  front  part  of  store,  width,  60  ft  aait  leocth,  7S  ft.  rear  portion  ottheatoi«k  widtk, 
SS  ft.,  and  averace  lencth,  88  ft.     The  color  of  the  oeilinc  is  a  licht  eream  and  of  the  walls,  dark. 

Katio  of  width  to  calinc  hdcht  "  Ta  ~  '•  ■"•'ly-  'o'  tbe  front  part 
as  the  averaie. 

A  direct  lishtiot  system 


:h  practicaUy  lii  the  locatioQ  of  the  outlela.    Lamps 
mens  per  lamp  are  198,000  +  20  -  0030. 
npa  would  furnish  eoouiD  light.     In  this  instaDoa, 
brilliant  illumioation  was  the  determioini  factor  aDd  780-wstt  iampa  were  used.     Fig.  IB  shows  the  installation. 

13.  Lighting  AccessorieB.' — By  lighting  acoesaoriea  fire  meant  the  equipment,  Buch  &b 
reflectore,  shades,  globes,  and  other  devices  for  modifying  and  controlling  the  light  emitted  by 
lamps.  The  usual  functionsofBuchdeviceaaretoredirect  the  light;  to  diffuse  the  light;  to  mter- 
ceptthelight  in  certain  directions;  tomodify  thehucof  the  light;aDd  to  protect  the  light  source. 
These  functions  will  have  different  degrees  of  importance  in  different  iDstallations,  hence  it  is 
evident  that  to  fulfill  all  conditions  of  use,  the  number  andvariety  of  designs  of  lighting  i^ccea- 
sories  is  very  great.  Although  there  ia  no  exact  line  of  demarkation  between  the  light  control- 
ling accessories,  nevertheless,  they  may  be  considered  under  three  separate  headings:  reflectors, 
shades,  and  f  lobes. 

>  Bui.,   Fgndsmentali  of  lUuminstion  Design,  Eng.  Dept.  National  Lamp  Works  of  Gen.  £lec.  Co. 

■  Little,  Illuminatini  Engineering  PiaoUca,  p.  183. 
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ISo.  R«fl«ctora. — All  aceeaaories  reflect  mora  or  less  light,  but  tbe  term  reflector 
ia  applied  to  that  cloaa  of  lighting  acceeaoriea  whose  function  it  is  to  redirect  the  greater  per- 
centage of  the  light  incident  upon  it.  Reflectors  may  be  made  of  metal,  procelain,  or  glass; 
with  polished  or  mirrored  surfaces,  or  of  prismatic  form.  Reflectors  may  further  be  subdi- 
vided into  two  classes— concentrating  and  distributing.  Sometimes  three  classes  are  listed — 
focusing,  intensive,  and  extensive.  These 
names  are  self-explanatory  as  they  have  re- 
ference to  the  degree  of  light  distribution  by 
the  reflector.     F^.    20   shows   two  forms  of 

aluminum  finished  metal  reflectors  of  the  con         -nurf^  ■g On/nbvtng 

centrating  and  distributing  types. 


A      A 


vAtia  onMoeled  rtflecto™ 


I   with   I 


de  ol  Bl«c1,  tht 


e1  coatint  ghoul 

I  to  the  ited.  (or  nU  liiht  that  ptno- 
ftbaorbnl.     For  induatria]  liahtinc 

lain  enameled  reflector  dfiiinated  a*  the  R.  L,  M,  8Uti- 
dard.  The  ipgci  Scat!  ons  (or  tbig  type  of  refl«otorhaTe 
been  irorked  out  jointly  and  thit  label  la  a  cuanatea 
that  the  reflector  li  up  to  the  accepted  aUadivd  in  die 
fiDiBh.  icreeilios  ancle,  and  Goiih  of  the  reflectlnciurfare 
MuTorcd  glau  reflectors  are  made  of  clear  clan 
blovn  in  the  proper  shape,  on  the  rafleotinf  % 
which  ia  ipread  a  thin  layer  of  nlver.    Thii  layt 

corrugated  (Fii.  21). 

FtitmaAc  RefieOort, — K  a  ray  of  light  in  passing  through  glasa  is  incident  on  the  surface 
opposite  to  that  at  which  it  entered  at  an  angle  greater  than  the  critical  angle  for  that  kind  of 
glass,  it  wdl  be  totally  reflected     This  la  the  prmciple  of  the  prismatic  reflector.    The  mner 

surface  IB  usually  smooth  or  bghtly 
ground  while  the  outer  surface  is 
formed  mto  prisms.  These  prisma 
are  made  of  such  an  angle  that  most  of 
the  mcident  hght  la  reflected  Smce 
it  IS  mechon  cally  impossible  to  con- 
struct a  prismatic  glass  reflector  so 
that  all  of  the  hght  emitted  by  the 
lamp  will  be  mcident  at  the  proper 
angle  for  total  reflection,  some  light 
passes  through  This  hght  is  diffused 
and  the  bright  ilament  of  the  lamp  la 
well  screened  from  the  eye  when 
viewed  through  the  refiector  These 
reflectors  together  with  their  diatribu 
tion  curves  ore  shown  in  Fig  22 

Heflectoi*  afe  also  made  of  opal  slaaa 
By  the  proper  gelection  ol  thickneaa  uid 
deiuiliea  varied  effeeta  may  ba  (Murad  Tba 
dense  opal  acceaeory  when  properly  abaped 
wrncd.  Thea.  acceMiories  may  be  made  thin 
\vAy   little.     The  diffueing  properti^  are 


may  produce  « 

n  eicellen 

reflec 

tot  ao 

ar  as  light 

and  thua  tram 

mit  consi( 

erable 

li«ht. 

r  thick  and 

rather  good  eapecially  w 

for  bowl  reflec 

.or.  of  opal  tlaa. 

areiho' 

irn  in  Fig.  K3 

It  TDughancd.     The  chanoluiitia  oaadla  power  ei 

13b.  Globes  and  Shades. — Globes  and  ahodea  are  suitable  only  for  shading  and 
diffusing  the  light.  They  ore  made  in  a  great  variety  of  forma  and  deaigna  and  are  usually 
made  of  some  kind  of  glaaa,  opal,  cased,  roughed  and  etched  crystal  and  alabaster. 
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14.  Chtrice  of  Acceswnr. — The  type  and  site  of  lamp  used  in  any  inBtallation  detaminea 

the  type  of  reflector  required  because  of  the  different  efficiencies  and  distribution  curves.     The 

type  of  reflector  to  be  used  cannot  be  determined  on  the  energy  efficiency  basis  alone;  other 

factors,  such  as  ease  of  maintenance  and  absence  of  characteristics  producing  eye  strain,  must 

also  be  considered.     A  shallow  bowl 

reflector  should  not  be  used  with  the 

long  or  mogul  haea   lamps.     In  no 

case  should  the  tip  of  the  lamp  {ffoject 

beyond  the  reflector 

IS  Lighting  of  Offices. — The 
neneral  principles  of  illummatioa  de- 
sign described  in  the  preceding  sec 
tions  apply  in  oflice  lighting  but  the 
relative  importance  of  the  several 
factors  is  not  the  same  The  matter 
of  first  importance  m  office  Iightmg 
are  sufficient  and  uniform  illummas 
tion  absence  of  glare  and  efficient 
utilitatioQ  of  bght  The  artistic 
factors  should  be  considered  but  the 
^_^  1  hygiemcfactorshouldtakeprecedence 

i.-r'.  \\l,:^f^M?~lJZia3^\\A  ISO.  Loc.tlon     ima 

Fio  23  Number  of  LightrngUmtB.' — In  many 

cases  the  constructional  features  of 
the  ceiling  of  the  office  will  determine  the  number  and  location  of  lighting  units  In  the  case 
of  officesbuilt  to  rent,  the  lamp  outlets  should  be  located  in  such  a  way  that  if  the  offices  are  re 
modeled  to  suit  the  requirements  of  a  new  tenant,  they  may  Btill  be  usable.  This  considera- 
tion in  many  cases  will  necessitate  a  greater  number  of  outlets  than  the  cidstbg  lighting  con- 
ditions require.  Fig.  24  shows 
how  an  office  with  6  lighting  units 
may  be  divided  into  two  offices  and 
each  be  provided  with  adequate 
outlets.  Sometimes  it  may  be 
desirable  to  wire  locations  where  it 
is  thought  units  may  at  some  future 
time  be  desirable,  but  to  seal  the 
wires  beneath  the  plaster  until 
required. 

One  of  themost  important  con- 
siderations in  office  lighting  is  the 
elimination  of  glare.  Prom  a  study 
of  the- light  distribution  of  units, 
fairly  definite  rules  have  been 
formulated  for  the  size  of  units  and 
their  spacing  both  with  reference  to 
each  other  and  with  reference  to 
the  walls.  The  application  of  such 
rules  involves  the  width  and  length 
of  the  room  to  be  lighted,  the  height 

of  the  ceiling,  and  the  height  at  which  the  sources  can  bo  located  above  the  working  plane.  In  the 
case  of  indirect  or  semi-indirect  lighting,  the  height  of  the  light  source  above  the  working  jriane 
is  the  height  of  the  ceiling  above  the  desk  and  table  tops.  The  distance  between  the  lamp  and 
1  Tjjt|t]nj  of  OffloM  and  Drettiac  Kooms,  EofinMriDS  Dvpartmsnt  Katioul  Lamp  Work*  of  a«n«n]  Elsottb 
Co, 
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ceiling  in  case  of  indirect  and  semi-indirect  lighting  is  determined  largely  bj  considerations  of 

appearance;  nevertbeelsB  there  are  certain 

limits  which  may  be  noted.     The  lamps  mj^nbrefi 

should  not  be  placed  so  near  the  ceilings  '^^**7^'^'' 

that  the  corners  appear  objectionably  dark,  J^'F        /"         "~  ---.-,.-         -^ 

nor  should  the  lamps  be  hung  so  low  that  ^        -,   /  I 

light  is  directed  to   the  walls.    Between  f  u    -  .-i         ,■ 

these  limits  variations  in  hanging  height  J 

affect  the  efficiency  of  the  installation  very  b  ^  j 

slightly.     The     recommended     ratios     of  5  '      t 

sp<^mg  loh.i8ht  of  Ught  .oirc.  lor  «t».  |     mMMw;^XSs£&iMSSi 

factory  office   illummation   are   given  in  J  *  „        S^    jo        m        a^^w 

Table  8.    The  significance  of  the  several  *jatn  or  i^-viih  of  ofTir:^  mr—f 

symbols    is  exemplified  by   the  diagram  ||  ^ 

below  the  table.     The  principles  of  Table  8,  J 

are  perhaps  more  readily  applied  by  the  « 15 

aid  of  diagrams,  Fig.  25,  whose  application  -g 

will    be    readily    understood    from    the  J' 

following  illustrative  problem. 


Length  of  Oftlce  m  TBet 


h^-:;;|tF 


Tablb  8. — Maximum  Ratios  0 


'  SpAcrao  TO  Hbioht  op  Liobt  Souxcb  fob  Batispactobt 
Offioi  Illouutation 


aintom 

Limit*  [Qt 

olunlU 

A 

Umiu  for  mote  Uuoi 
one  row  of  units 

B 

C 
U 

1.3 
1.3 

I. a 

l.B 
1.4 

o.e 
o.a 

O.G 

iVith  iodirnt  or  Hiiii.)adireat  tba  odling  i*  ooniidMMl  tta*  licht  mi 
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lUostratiTe  Problem. — It  Ib  necessary  to  design  a  lighting  system  for  an  office  20  X  40  ft.  with  15-ft.  eeiliag 
The  ceiling  is  light  but  the  walls  are  of  moderate  reflecting  power,  medium  color.  A  totally  indirect  lighting  system 
is  to  be  used. 

Assuming  the  working  plane  to  be  30  in.  (2>i  ft.)  from  the  floor,  H  ^  15  —  2\i  >■  12H  ft.  According  to  the 
chart  the  number  of  rows  of  lamps  for  an  office  20  ft.  wide  is  2,  and  for  an  office  40  ft.  wide,  the  number  of  rows 
ia  3.  According  to  the  small  chart  at  the  right,  the  maximum  distance  the  units  should  be  from  the  wall  is  7  f C 
The  number  of  units  for  uniform  illumination  is  0,  two  rows  of  three  lamps  each.  The  lamps  may  be  located  5  ft 
from  the  side  walls  and  10  ft.  apart  across  the  room,  and  6  ft.  from  the  end  walls  and  14  ft.  apart  lengthwise  of 
the  room.  Table  4  gives  3.5  to  5  ft.-candles  as  desirable  illumination  intensity  for  a  general  office.  Aasuming 
6  ft.-candles  for  the  illumination  intensity,  the  lumens  required  are 


Lumens  ■■ 


(20)  (40)  (4.5) 
0.26 


-  13,800 


Assuming  a  depreciation  of  25  %  the  total  number  of  lumens  necessary  is 

H(13.800)  -  18.400 

Since  there  are  0  units,  each  will  have  to  generate  18,400  4>  6  —  3100  lumens,  approximately.  The  200-watt 
type  C  lamps  generate  2920  lumens  and  should  therefore  prove  satisfactory.  If  daylight  illumination  ia  desired, 
300-watt  type  02  lamps  should  be  us  ad. 

16.  Industrial  Lighting. — "Insufficient  and  improperly  applied  illumination  is  a  prolific 
cause  of  industrial  accidents.''^  To  prevent  these  accidents  as  well  as  to  protect  the  eyes  from 
the  injurious  effects  of  improperly  applied  illumination,  many  states  have  by  legislation  pro- 
vided that  the  industrial  commission,  or  other  bodies,  fix  standards  of  illumination  and  formu- 
late rules  relative  to  the  enforcement  of  such  standards.  These  rules  are  primarily  concerned 
with  the  insidious  effects  of  dim  illumination,  of  glaring  light  sources,  of  flickering  light,  of  sharp 
shadows,  of  glare  caused  by  reflected  light  from  polished  surfaces,  etc. 

For  satisfactory  illumination  by  artificial  light,  the  Industrial  Commission  of  Wisconsin 
specifies  that  the  li'^ht  shall  be  supplied  and  maintained  in  accordance  with  Table  9. 

A  more  detailed  table^  of  illumination  intensities  has  been  compiled  by  C.  E.  Clewell  from 
various  authoritative  sources.     These  data  are  given  in  Table  10. 


Tablb  9. — Illumination  iNTBNsrrY  at  the  Work  in  Foot-candles 


Minimum 

permissible 

intensity 


Ordinary 
practice 


(a)  RocMiways  and  yard  thoroughfares 

(6)  Storage  spaces 

(c)  Stairways,  passageways,  aisles 

(d)  Toilets  and  washrooms 

(e)  Rough  manufacturing  such  as  rough  machining,  rough  assembling,  rough 

bench  work,  foundry  floor  work 

(/)   Rough  manufacturing  involving  closer  discrimination  of  detail 

(a)  Fine  manufacturing  such  as  fine  lathe  work,  pattern  and  tool  making, 

light  CDlored  textiles 

(h)  Special  cases  of  fine  work,  such  as  watch  making,  engraving,  drafting, 

dark  colored  textiles 

(t)    Office  work  such  as  accounting,  tsrpewriting,  etc 


0.02 
0.25 
0.25 
0.5 

1.25 
2.0 

3.0 

5.0 
3.0 


0.05  to  0.25 

0.6  to  1.0 

0.75  to  2.0 

1.5  to  3.0 


2.0  to 
3.0  to 


4.0 
6.0 


4.0  to  8.0 

10.0  to  15.0 
4.0  to  8.0 


Note. — The  minimum  foot-candles  specify  the  lowest  illumination  intensity  with  which  the  employes  can 
be  expected  to  work  with  safety  when  artificial  light  is  used.  It  is  to  the  advantage  of  the  employer  to  provide 
the  intensities  of  ordinary  practice,  as  this  results  in  less  eye  strain,  greater  accuracy  of  workmanship,  increased 
production  for  the  same  labor  cost,  less  spoilage.  When  part  daylight  and  part  artiUcial  illumination  must  be 
used  together,  it  is  desirable  to  employ  even  higher  intensities  than  those  of  ordinary  practice  in  the  table  aboTe. 

In  order  that  the  illumination  intensities  will  never  fall  below  the  minimum  during  the  interval  between  in- 
spections, installations  should  be  dcssigned  to  produce  initial  values  at  least  25%  higher. 

1  Industrial  Commission  of  Wisconsin. 

*  C.  £.  Clewell,  Lighting  of  Factories,  p.  530,  Illuminating  Engineering  Praotioa. 
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Table  10. — Intensitiss  of  Illuiokation  Rboommendbd  fob  Vabious  Clasbbs  of  Wobs 

Foot-oindlet 

Bakery 2.0  -  8.0 

Bench  work: 

Rough 1.6  -  5.0 

Fine 3.6  -10.0 

Box  factory 2.0  -  4.0 

Book  binding: 

Cutting,  punching,  stitching 3.0  —  5.0 

Embossing 4.0  -  6.0 

Folding,  assembling,  pasting 2.0  -  4.0 

Candy  factory 2.0-4.0 

Canning  plants: 

Coffee  roasting  at  tables 3.0—4.0 

Filling  tables 1.0-  1.5 

Packing  Ubles 1.0  -  2.0 

Packing  tables  (dried  fruits), 1.5-2.6 

Preserving  cauldrons 2.0  -  2.5 

Pressing  tables 1.0  -  1.5 

Shipping  room 1.5-2.5 

Cotton  mill  weaving 2.0  -  4.0 

Dairy  or  milk  depot 2.0-4.0 

Drafting  room 7.0 

Electrotyping 3.0  -  6.0 

Factory: 

Assembling 4.0-7.0 

Drills 2.0-  4.0 

Millers 3.0-6.0 

Planers 3.0—5.0 

Rough  manufacturing 1.26-  3.0 

Fine  manufacturing 3.5-6.0 

Special  cases  of  fine  work 10. 0  -16.0 

Forge  and  blacksmi thing: 

Ordinary  anvil  work 2.0  -  4.0 

Machine  forging 2.0  -  3.0 

Tempering 2.0  -  4.0 

Tool  forging 3.0  -  5.0 

Foundry: 

Bench  moulding 1.0  t  8.0 

Floor  moulding 1.0  -  2.0 

Garment  industry: 

Light  goods 8.0 

Dark  goods 7.0 

Glove  factory: 

Cutting 6.0-6.0 

Sorting 6.0  -10.0 

Hat  factory: 

Blocking 4.0  -  6.0 

Forming 3.0  -  5.0 

Stiffening 2.0  -  4.0 

Jewelry  manufacturing 3.0-8.0 

Knitting  mill 8.0  -  6.0 

Laundry 8.0  -  6.0 

Leather  working: 

Cutting 4.0  -  6.0 

Grading 6.0  -  8.0 

Meat  packing: 

Cleaning 2.0  -  8.0 

Packing 2.0-4.0 

Offices 8.0 

Packing  and  shipping: 

Ordinary  work 2.0  —  8.0 

Pine  work ,,.......,..  2.0-6.0 
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Paint  shop: 

Coarse  work  (first  ooats) 2.0—  4.0 

Pine  work  (finishing) 4.0  —  8.0 

Passageways 0. 26-  0.6 

Pattern  shop  (metal) 4.0—  6.0 

Pottery: 

Grinding 1.0  -  2.0 

Pressing 2.0  -  4.0 

Power  house: 

Boiler  room 0.8—1.6 

Engine  room 2.0  —  8.6 

Preserving  plant: 

Cleaning 2.0  -  4.0 

Cooking 2.0-8.0 

Printing: 

Presses 3.0-6.0 

Type-setters 6.0  -  8.0 

Sheet  metal  shop: 

Assembling 2.0  —  4.0 

Punching 3.0  -  6.0 

Shoe  shops: 

Bench  work 2.0-6.0 

Cutting 6.0  -  7.0 

Silk  mill: 

Finishing 3.0  -  6.0 

Weaving 4.0  -  6.0 

Winding  forms 2.0-4.0 

Stairways 0.25-  0.6 

Steel  work: 

Blast  furnace  (cast  house) 0.3-  0.6 

Loading  yards  (inspection) 0.3-  0.5 

Mould,  skull  cracker  and  ore  yards < 0.1  -  0.3 

Open  hearth  floors  (soaking  pits  and  cast  house) 0.1-0.8 

RolUng  mills 1.0-2.0 

Stamping  and  punching  sheet  metal 2.0—6.0 

Stock  room 0.8  -  2.0 

Threading  floor  of  pipe  mills 1.0  —  2.0 

Transfer  and  storage  bajra 0.6—  1.0 

Unloading  yards 0.1-0.3 

Warehouse 0.5-1.0 

Stock  rooms: 

Rough  materials 1.0-3.0 

Fine  materials 2.0  -  4.0 

Storage 0.25-0.6 

Wire  drawing: 

Coarse 2.0-4.0 

Fence  machines 2.0—6.0 

Fine 4.0-8.0 

Wood  working: 

Rough 2.0-4.0 

Fine 3.0-6.0 

Woolen  mill: 

Picking  Uble 2.0-4.0 

Twisting 2.0-3.0 

Warping 3.0  -  6.0 

Weaving 4.0-0.6 

16a.  Height  of  Lamps.' — The  rules  for  mounting  height  given  in  preceding 

sections  also  apply  in  industrial  lighting.     It  may,  however,  be  stated  that  for  direct  lighting, 

the  lamps  should  be  mounted  as  high  as  possible.  The  chief  exceptions  to  this  rule  are  those 
cases  where  the  ceiling  is  very  high  relative  to  one  dimension  of  the  floor  and  where  beams,  belt- 
ing, or  the  like  obstruct  the  light  at  some  distance  below  the  ceiling. 

^  Industrial  Lighting  Code — Industrial  Commiasion  of  Wisoontin. 
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There  u«  two  ehict  w)vmDt>«ca  of  loountUt  Ump*  ta  Ufh  M  [>o«iblB;  <I)  wider  >p«cin(  of  tunpi  wjtli  sqnallr 
lood  dutributioD  of  licbt:  and  (2)  the  lam(H  ore  ten  likely  U>  come  within  the  diceet  mi(e  of  viiioa.  and  hsnoe 
■re  leu  Jikely  to  b«  ■  aource  ol  eye  f aticue  and  eye  itrain  to  the  worker. 

16b.  Spacing  sad  Size  of  Lamps. — To  facilitate  the  design  of  lighting  systems, 
the  chart  (Fig.  26)  was  prepared  by  Arthur  J.  Sweet,  and  is  included  in  the  Wisconsin  Industrial 
Lighting  Code.  The  left-hand  portion  of  the  chart  ia  for  determining  the  spacing  of  the  light- 
ing units  and  the  right-hand  portion  for  determining  the  size  of  lamps.  The  illumination  plane 
on  which  the  curves  are  based  is  assumed  to  be  3  ft.  above  the  floor  but  the  data  are  sufficiently 
accurate  for  a  working  plane  2>^  ft.  above  the  floor.  In  using  the  chart  the  first  step  is  to  as- 
sume themounting  height  of  the  light  source  above  the  working  plane.  Assume  this  to  be  I2H  ft. 
for  a  particular  case.  Referring  to  the  left  portion  of  the  chart,  the  fine  vertical  line  correspond- 
ing to  12>^  ft.  is  followed  to  its  intersection  with  the  horizontal  lines.     Following  the  horizontal 


Fio.  38. 

lines  from  the  pointa  of  intersection  to  the  vertical  or  spacing  scale,  it  is  found  that  the  minimum 
spacing  is  II  ft.  and  the  maximum  spacing  is  17H  ft.  The  best  s[^cing  will  be  the  minimum  of 
these  values,  namely,  1 1  ft.  The  exact  spacing  to  be  used  in  any  case  wUl  depend  upon  the 
architectural  features  of  the  interior  and  the  character  of  the  work.  If  the  work  is  of  an  ex- 
acting or  close  character,  the  spacing  should  approximate  the  lower  limit.  If  the  work  is  notof 
an  exacting  nature  a  wider  spacing  may  be  employed.  If  the  factory  building  has  bays  22 
X  26  h.,  the  spacing  should  be  II  ft.  in  one  direction  and  13  ft.  in  theother  direction,  theaveragc 
spacing  being  12  ft.  If  the  illumination  intensity  required  is  4.00  foot-candles,  then  referring 
to  the  right-hand  portion  of  the  chart,  the  horizontal  line  corresponding  to  a  spacing  of  I2ft. 
is  followed  to  its  intersection  with  the  curve  representing  4.00  foot-candlee.  It  is  found  that 
this  occurs  in  the  band  representing  the  100-watt  lamp.  This  means  that  if  the  more  efficient 
types  of  reflector  be  employed,  the  100-watt  lamp  on  an  11  X  13-ft  spacing  will  produce  an 
average  illumination  slightly  greater  than  4.00  fooUcandles.  If,  however,  the  less  efficient 
types  of  reflector  be  employed,  the  100-watt  lamp  will  produce  an  illumination  not  quite  as 
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great  as  4.00  foot-oandles.  If  it  is  desired  to  secure  an  illumination  of  not  less  than  4.00  foot- 
candles,  the  100-watt  lamp  may  be  employed  with  one  of  the  more  efficient  types  of  reflector 
or  the  150-watt  lamp  with  one  of  the  less  efficient  types.  The  charts  allow  a  depreciation  of 
30%  due  to  dirt  on  reflector  and  lamp  and  deterioration  of  lamp  filament. 

The  chart  is  for  horUontal  illumination  only.  If  the  work  be  chiefly  in  the  horisontal  plade,  the  ohftrti  mu 
be  used  directly  to  determine  the  proper  sixe  of  lamp  with  reasonable  accuracy.  If.  howerer,  the  work  be  diiefly 
in  some  vertical  plane,  the  problem  becomes  more  complicated  and  can  be  solved  only  with  rough  approximatioa 
by  any  general  data.  The  ratio  between  the  horisontal  and  vertical  illumination  depends  chiefly  upon  two  faetofs: 
position  of  lamp  with  reference  to  the  work,  and  tsrpe  of  reflector  used.  The  first  of  these  factors  ao  depends  upon 
local  conditions  that  no  data  of  value  can  be  given  thereon.  As  for  the  second  factor,  the  approxiinate  ratio 
between  the  vertical  and  horisontal  illuminations  is  given  for  various  types  of  reflectors  in  Table  11. 

Table  11. — Approxtmatb  Ratio  Between  the  Vertical  and  the  Hobizontal 

Illumination 


Tsrpe  of  reflector 

Vertical 

illumination  in 

per  cent  of 

horisontal 

illumination 

Correction  faetor 

to  be  applied  to 

sise  of  lamp  whea 

P  ate  I  is  used  for 

vertical  illuminatioa 

determination 

Deeo-bowl  nrtsmatio-rrlaMi  reflector— imecial  industrial  unit. 

103 
70 
00 
55 
50 

1.0 
1.4 
1.7 
1.8 
2.0 

Shallow-bowl  porcelain-enameled  metal  reflector 

Deeo-bowl  mirrowed-iElass  reflector 

Shallow-bowl  porcelain-enameled  reflector — lamp  fitted  with  shield  or  cap 
Deep-bowl  porcelain-enameled  metal  reflector 

17.  Residence  Lighting.^ — In  addlcion  to  the  general  principles  of  illumination  design,  there 
are  some  specific  factors  which  should  be  considered.  As  in  other  installations,  the  utilitarian 
and  hygienic  factor  should  take  precedence,  but  in  addition,  the  artistic  features  are  also  of 
great  importance  and  should  receive  commensurate  consideration.  The  following  synopsis  of 
the  illumination  requirements  of  different  rooms  of  a  residence  in  connection  with  Table  4  will 
be  of  assistance  in  planning  a  lighting  system  for  a  residence. 

Living  Room. — The  living  room  is  the  one  room  of  the  house  which  ought  to  be  most  com- 
fortable and  reposeful.  The  illumination  requirements  for  such  conditions  are  severe.  The 
ceiling  fixture  provides  a  general  illumination  which  is  desirable  and  necessary  for  certain  occa- 
sions. On  other  occasions  a  local  illumination  is  a  welcome  relief  just  for  the  variety  and  change 
which  it  gives,  and  from  an  artistic  viewpoint  the  glow  of  light  from  a  few  table  lamps  with  un- 
certain grades  of  light  and  shadow  intervening,  entirely  changes  the  expression  of  a  room  making 
it  more  livable  and  desirable,  and  it  is  here  that  the  lamp  itself  as  an  artistic  symbol  becomes  a 
part  and  feature  of  a  home.  To  make  possible  this  variety  in  illumination  there  should  be 
several  side-wall  outlets,  one  or  more  ceiling  outlets,  and  two  or  more  baseboard  receptacles  to 
provide  connections  for  electroliers,  piano  lamps,  or  other  devices.  The  ceiling  and  side-wall 
lights  can  be  most  convienently  controlled  by  side  wall  switches  placed  beside  the  door  through 
which  entry  is  most  often  made. 

Lower  Hall. — The  illumination  requirements  of  halls  are  not  so  severe.  The  fixtures  should, 
however,  be  in  harmony  with  the  other  features  of  the  hall  and  should  possess  some  artistic 
merit.  The  outlets  should  be  located  so  that  all  parts  of  the  hall  may  be  properly  illuminated. 
Both  the  porch  light  and  the  hall  light  should  be  controlled  by  switches  near  the  front  door. 
The  lights  of  both  lower  and  upper  halls  should  be  controlled  by  three-way  switches  in  order  that 
the  lower  hall  may  be  illuminated  from  the  head  of  the  stairs  and  the  upper  hall  may  be  illu- 
minated from  the  foot  of  the  stairs.     The  stairway  should  in  every  case  be  well  illuminated. 

>  The  Electrical  Equipment  of  a  Home  issued  by  National  Electrical  Contractors  Association,  Natiooftl 
Electric  Lamp  Association,  National  Electric  Light  Association. 
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Porch, — ^A  porch  light  should  be  installed  just  outside  the  entrance  aoor  so  that  it  will 
illuminate  the  steps  and  the  features  of  the  caller  without  daszling  the  eyes  of  one  standing 
within.  Other  lights  should  be  provided  when  the  porch  is  of  such  size  that  good  illumination 
camiot  be  provided  from  one  outlet. 

Reception  Room. — The  first  impressions  of  a  house  are  made  by  the  reception  room.  Here 
the  artistic  features  should  be  especially  emphasized.  The  illumination  as  well  as  the  location 
of  the  lighting  units  must  depend  upon  the  character  of  the  room  itself.  A  ceiling  outlet  should 
be  provided  for  general  illlumination  and  in  addition  baseboard  receptacles  for  the  connection 
of  a  decorative  electrolier. 

Library, — The  general  illumination  of  the  library  should  be  by  soft  light  of  harmonious 
tone.  Baseboard  receptacles  should  be  provided  at  several  sides  of  the  room  to  permit  of  the 
use  of  portable  reading  lamps. 

Dining  Room. — In  the  dining  room  the  illumination  is  most  effective  if  provided  by  a  cen- 
tral ceiling  outlet  so  that  a  strong  mellow  light  is  shed  over  the  table  from  a  dome  or  shower 
fixture.  This  may  be  supplemented  by  side-wall  fixtures  if  the  size  of  the  room  makes  it  ad- 
visable. The  central  lights  should  be  controlled  by  a  switch  near  the  pantry  door.  It  is  very 
convenient  also  to  have  the  interior  of  the  china  closet  illuminated  by  small  low-voltage  lamps 
which  may  be  operated  by  a  separate  trasnformer  which  is  connected  in  such  a  way  that  the 
opening  of  the  doors  turns  on  the  lamps. 

Kitchen. — The  illumination  of  the  kitchen  should  be  given  careful  consideration.  Here 
the  utilitarian  features  should  be  given  precedence.  There  should  be  sufficient  general  illumina- 
tion to  make  the  objects  of  the  room  distinctly  visible.  In  addition,  local  illumination  should 
be  provided  for  the  stove,  sink,  and  work  table.  A  fixture  in  the  center  of  the  ceiling  will  usually 
suffice  for  the  general  illlumination,  and  auxiliary  side-wall  outlets  should  be  provided  for  the 
stove,  sink,  etc.  These  should  be  placed  so  as  not  to  shine  directly  into  the  eyes  when  a  person 
is  working  at  the  sink,  or  over  the  stove;  likewise,  reflection  from  the  dishes  should  also  be 
avoided. 

Pantry. — Good  illumination  of  the  pantry  is  essential,  and  in  general,  one  outlet  in  the 
center  of  the  ceiling  or  symmetrically  located  with  reference  to  the  cupboards,  will  be  sufficient. 
The  lamps  should  be  placed  high  and  equipped  with  a  reflector  that  gives  a  wide  distribution  of 
light. 

The  Laundry. — ^The  illumination  of  the  laimdry  should  be  wholly  general  but  the  lamps 
should  be  so  located  that  the  light  is  concentrated  on  the  ironing  board  and  enough  is  shed  into 
the  closet  where  the  laundry  utensils  are  stored. 

Upper  HaU. — The  lighting  of  the  upper  hall  requires  simply  a  soft  general  illumination. 
This  may  be  provided  by  either  ceiling  units,  side-wall  units,  or  both.  The  lamps  should  be 
located  so  that  the  head  of  the  stairs  is  well  illuminated.  A  turn  down  lamp  near  the  head  of  the 
stairs  is  a  great  convenience  for  it  may  be  burned  dimly  throughout  the  night.  Three-way 
switches  at  the  head  of  the  stairs  and  near  bedroom  doors  should  be  provided  for  controlling  the 
upper  hall  lights;  another  three-way  switch  at  the  head  of  the  stairs  should  be  provided  for 
operating  the  lamps  in  the  lower  hall. 

Bedroom. — If  the  room  is  large,  a  central  ceiling  fixture  should  be  installed  for  general  illu- 
mination and  bracket  wall  outlets  should  be  provided  for  illuminating  the  dressing  table,  chif- 
fonier, writing  desk,  and  at  the  head  of  the  bed.  If  it  is  inconvenient  or  too  expensive  to  provide 
enough  side-wall  fixtures  to  insure  parfect  illumination,  baseboard  receptacles  should  be  so  placed 
that  portable  lamps  may  be  used  where  necessary.  In  some  cases,  the  switches  for  controlling 
the  lamps  on  the  lower  floor  are  installed  inside  the  entrance  door  of  the  master's  bedroom. 
This  lighting  switch  is  a  most  effective  protection  against  burglars  and  is  especially  desirable  in 
suburban  houses. 

Bathroom. — The  lighting  of  the  bathroom  should  insure  a  strong  light  on  the  face  from 
both  sides  of  the  mirror  for  convenience  in  shaving.  This  will  necessitate  two  lamps  which  may 
be  sufficient  general  illumination.  An  additional  ceiling  light  may  be  installed,  however.  This 
should  be  controlled  by  a  switch  near  the  door.  Care  should  be  taken  so  that  the  bath  tub  is 
not  between  the  light  sources  and  the  window. 
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Sewing  Room, — ^The  sewing  room  can  best  be  served  by  side-wall  brackets  so  placed  thtt 
they  direct  the  light  on  the  sewing  machine  and  table.  Glare  should  be  avoided  as  weU  ai 
specular  reflection  from  the  polished  parts  of  the  machine.  The  location  of  the  lamps  should 
be  determined  by  the  location  of  the  sewing  machine,  windows,  and  other  features. 

Nursery. — The  illumination  of  the  nursery  should  be  mainly  general  and  uniform  although 
some  provision  should  be  made  at  one  or  two  convenient  places  for  reading.  The  general  tone 
of  the  illumination  should  be  cheerful.  These  requirements  can  be  fulfilled  by  a  central  ceiling 
fixture  and  one  or  more  wall  units. 

Large  Closets. — ^Large  closets  should  be  provided  with  a  lamp  directly  over  the  door 
in  a  horizontal  position  or  up  against  the  ceiling.  It  should  never  be  placed  in  a  position 
such  that  inflammable  material  may  be  placed  against  it.  This  lamp  may  conveniently  be 
controlled  by  a  door  switch.  It  is  always  advisable,  however,  to  equip  the  lamp  with  a  puD 
chain  socket  in  order  that  the  lamp  may  be  turned  off  in  case  the  door  is  to  be  kept  open  any 
length  of  time. 

Attic. — The  shape,  size,  and  use  of  the  attic  will  determine  the  number  and  location  of 
lamps.  Only  general  illumination  of  low  intensity  will  usually  be  required.  The  lamps  should 
be  controlled  by  a  switch  near  the  foot  of  the  attic  stairs. 

Cellar. — The  cellar  should  be  provided  with  sufficient  light  to  make  it  bright  and  safe  in 
every  part.  The  greatest  necessity,  however,  is  proper  illumination  on  the  cellar  stairs,  before 
the  furnace,  in  the  fruit  room,  and  at  the  ice  box  if  it  is  located  in  the  basement.  The  cellar 
lights  should  all  be  controlled  by  a  switch  at  the  head  of  the  cellar  stairs. 

18.  Natural  or  Daylight  Illumination. — In  making  provision  for  daylight  illumination^  the 
engineer  or  architect  has  no  control  of  the  light  source  and  furthermore,  he  must  adopt  the  build- 
ing to  the  surroundings.  The  brightness  of  the  sky  varies  from  month  to  month  and  from  hour 
to  hour  on  normal  days  by  several  hundred  per  cent,  while  on  many  days  it  will  vary  by  50  to 
100%  in  the  course  of  a  few  minutes.  Such  conditions  make  the  design  of  a  natural  lighting 
system  difficult.  Were  it  not  for  the  fact  that  the  eye  has  been  developed  to  suit  daylight  the 
problem  would  be  much  more  intricate.  The  main  elements  of  the  problems  of  daylight  illumi- 
nation may  be  briefly  stated  as  follows:' 

1.  The  determination  of  the  minimum  intensity  of  natural  illumination  below  which  artificial  Uluminatioii 
becomes  preferable. 

2.  The  determination  of  the  minimum  ratio  of  the  inside  illumination  to  sky  brightness  which  will  produce 
the  minimum  illumination  desired. 

3.  The  minimum  angle  which  a  line  from  the  top  of  a  window  makes  with  the  horizontal  at  a  given  point  in 
the  room,  or  the  relation  between  the  light  of  the  window  head  and  depth  of  the  room  for  reasonably  good  lightinf . 

4.  The  width  and  distribution  of  window  glass  essential  for  proper  illumination  at  a  given  point  in  tb«  room. 

Many  attempts  have  been  made  to  specify  the  details  of  the  elements  of  the  problem  men- 
tioned in  the  foregoing;  the  different  rules  advocated,  however,  seldom  agree  with  each  other. 
The  essentials  of  good  natural  illumination  specified  by  different  authorities  are  nevertheless  of 
value  for  they  may  serve  as  criteria  for  judging  the  adequacy  of  a  lighting  system  rather  than 
as  definite  specifications  in  their  design. 

18a.  Minimmn  Dlumination. — This  requirement  varies  widely  for  different  pur- 
poses and  also  for  different  persons.  The  human  eyes  through  ages  of  the  influence  of  sunlight 
have  developed  an  adjustability  to  an  extremely  wide  range  of  natural  illumination  intensities. 
A  thousand  foot-candles  of  daylight  illumination  are  less  trying  to  the  eye  than  10  foot-candles 
of  artificial  illumination.  In  general,  it  may  be  said  that  daylight  illumination  intensities  should 
be  from  2  to  3  times  those  recommended  for  artificial  lighting  for  the  same  class  of  service.  Pho- 
tometric data  are  needed,  however,  before  definite  specifications  can  be  formulated.  An  indi- 
cation of  good  practice  is  shown  by  Table  12*  which  gives  the  average  daylight  illumination 
intensities  in  representative  manufacturing  plants.  Each  value  given  is  the  mean  of  a  number 
of  observations  made  on  both  clear  and  cloudy  days. 

^  P.  J.  Waldram,  The  Illuminating  Engineer,  vol.  7,  p.  23. 
s  Ward  Harrison,  Trans.  HI.  £ng.  Soo.,  vol  12,  p.  419. 
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ABLE  12. — WOBKIHO  InTENBITIBS  OF  DaTUOHT  IlLUMINATIOK  in  FoOT-CANDLBa 
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186.  Mini  mil  m  Ratio  of  InsldQ  to  OuUids  Ulumiiu- 
-In  ofiicea  and  domestic  apajtmente  the  requirements  of 
ry  comforts  will  not  be  mfringed  at  any  point  where  it  ia 
e  to  read  ordinary  print  at  Bunriae  and  sunset  on  a  clear 

day.    This  gives  an  illumination  of  about  0.1%  of  the 
sky,  0.2%  of  the  average  of  the  full  hemisphere,  and  0.4% 

illumination  of  a  white  card  on  the  window-eill  with 
Tucted  horizon. 


Khooli.  tho  dainble  DuainiiiDi  ii  in  tha  >ial(bbarbood  ol  2H 
L  as  in  offiren.  This  mnng  thkt  tbe  daiknt  dcak  ihould  rroeii 
m  illuminaUDQ  cqusl  to  0.25%  <d  the  HDjth,  O.S%  of  tlut  roDf  BfhU 

ths  wiadowHtill  illumiiiatiaD  with  ■  fna  horiscD. 

I.  Wildnm.  niumliutiDc  En«iimr,  vol,  T,  p.  U. 
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19.  Relatiye  Value  of  Window  Space  in  Different  Positiona.' — ^The  data  at  presemt  avail- 
able give  indications  that  the  light  entering  a  vertical  window  will  not  be  effective  in  illuminat- 
ing a  table  or  desk  at  a  greater  distance  from  the  window  than  twice  the  height  of  the  top  of  the 
glass  from  the  table  or  desk  height  (Fig.  27).  This  means  that  light  entering  at  window  is 
effective  within  the  space  lying  below  a  plane  which  makes  an  angle  of  26}  j  deg.  with  the  hori- 
sontal.  For  schools,  an  angle  of  30  deg.  appears  preferable.  If  the  table  is  assumed  to  be  3  ft 
above  the  floor,  the  relation  between  the  window  height  and  depth  of  room  is  shown  in  foUowing 
table : 

Height  of  top  of  glass  Depth  of  room  lighted 

above  floor  (feet) 

(feet) 

9  12 

10  14 

11  10 

12  18 

13  20 

14  22 

15  24 

It  is  evident  that  in  general  the  top  of  the  window  should  be  as  close  to  the  ceiling  as  prac- 
ticable. The  Industrial  Commission  of  Wisconsin  recommends  that  the  top  of  the  window  be 
placed  within  8  in.  or  less  of  the  ceiling. 

The  window-sill  should  not  be  less  than  3  to  3H  ft.  from  the  floor. 

20.  Si:e  and  Location  of  Windows. — There  is  quite  a  discrepancy  with  respect  to  the  rela- 
tive areas  of  window  space  and  floor  area  commonly  recommended.  For  school  lighting  the 
ratio  commonly  specified  ranges  from  H  to  yi.  The  Belgian  government  specifies  14  the  floor 
area  while  Trucand  Chavernace  claims  that  J^  to  H  or  even  ?3  of  the  floor  area  is  the  required 

window  area.     Engelbracht  suggests  the  following  formula: 

A   ,  d* 

where  w  =  window  area. 

A  «  floor  area. 
d  =  depth  of  room. 

This  is  perhaps  the  most  reasonable  requirement  for  it  takes 
into  consideration  the  depth  of  the  room.  For  factories,  oflEces, 
and  buildings  used  for  similar  purposes,  the  order  of  the 
Wisconsin  Industrial  Commission  specifies  the  glass  area  should 
equal  20%  of  the  floor  area,  and  the  distance  of  any  working 
position  should  not  exceed  2.25  times  the  height  of  the  top  of  the  window  above  the  floor  where 
windows  are  on  one  side  only,  and  4.5  times  this  height  where  windows  are  on  two  sides.  This 
differs  slightly  from  the  recommendation  of  Waldram  as  well  as  from  that  of  Engelbracht. 
The  differences  are  not  great,  however. 

The  importance  of  the  location  of  windows  is  recognised  by  all  authorities  although  there  is  a  diTcnity  of 
opinion  in  regards  to  details.  They  are  all  agreed  that  no  windows  shouM  be  placed  where  workers  or  pupils 
must  face  them.  Since  most  persons  are  right-handed,  one  fundamental  principle  of  proper  lighting  ia  to  bars 
light  come  from  the  left.  In  natural  lighting  three  systems  are  in  vogue:  unilateral*  bilateral,  and  sky-U^ting. 
The  predominant  opinion  favors  unilateral  lighting  with  the  windows  on  the  left  of  the  pupils  when  seated.  Prof. 
F.  K.  Richtmeyer  recommends  that  windows  be  placed  on  only  one  side  of  school  rooms  less  than  24  ft.  wide,  and 
bilateral  lighting  for  wider  rooms.  H.  L.  Dunstall.  an  English  architect,  objects  to  bilateral  lighting  for  it  gives 
rise  to  conflicting  shadows  which  are  trying  on  the  eyes.  Where  ncighborinir  buildings  obstruct  the  sky  some  form 
of  prism  glass  may  bo  us^d  for  the  upper  part  of  the  windows  (Fig.  28) 

21.  Natural  Lighting  of  Factories. — The  following  more  detailed  specifications  for  natural 
lighting  of  factories  are  abstracted  from  the  Industrial  Lighting  Code  of  the  Industrial  Commis- 
sion of  Wisconsin. 

21a.  Window  Frames. — The  steel  window  frame  has  approximately  25%  more 
glass  area  for  the  same  window  opening.    Steel  window  frames  are  not  subject  to  the  effect 

1  P.  J.  Waldram,  Illuminating  Engineer,  vol  7. 
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of  moisture,  like  wooden  frames,  hence  their  operation  is  certain.  In  extra  large  openings  they 
can  be  reinforced  to  resist  wind  pressure  or  other  strains  without  noticeable  interference  with 
the  light  area. 

216.  Window  Glass. — ^Both  translucent  and  clear  glass  may  be  employed  in 
industrial  plants.  For  the  upper  and  middle  portions  of  the  windows,  clear  glass  is  preferable 
esp3cially  where  suitable  window  shades  are  provided.  If  no  window  shades  are  provided, 
mo<lerateIy  translucent  glass  can  be  employed  to  advantage  in  the  lower  portions  of  the  windows 
to  a  distance  of  approximately  6  ft.  from  the  floor. 


^ 


^^..^,^,M<fc^.,...«Y^^^y^^ 


Jii 


1 


Elevation 


Translucent  wire  glaM,  alio  caUed  ribbed  glaM,  in  steel  frames  is  often  desirable  for  reducing  the  fire  risk. 
The  glass  should  be  smooth  on  both  sides  to  facilitate  cleaning.  It  is  best  to  install  the  glass  with  the  ribs  horison- 
tal  because  the  prism  efieot  of  the  ribs  will  direct  more  light  to  the  interior  of  the  building. 

Sic  Window  Shades. — When  clear  window  glass  is  \ised,  shades  may  be  required 
to  exclude  direct  sunlight.  The  best  method  of  accomplishing  this  result  is  to  employ  two 
shades — a  very  translucent  shade  which  can  be  pulled  down  from  the  top,  and  a  much  denser 
shade,  but  yet  translucent  shade,  which  can  be  pulled  up  from  the  bottom.     If  only  one  shade 


Y *^ 


Fxa.  30. 


Fxo.  31. 


is  used,  it  should  be  moimted  at  the  bottom  of  the  window  and  should  be  the  dense,  slightly 
translucent  shade  mentioned  above. 

21d.  Bench  Location. — (Considerations  of  good  illumination  require  that  work 
benches,  desks,  etc.,  be  located  perpendicular  to  the  windows  (Fig.  29).  With  such  an  arrange- 
ment the  effects  of  shadows  and  glare  are  practically  eliminated. 

21e.  Skylights. — Skylights  may  be  of  two  kinds  depending  upon  the  form  of 
room  construction — flat  or  monitor.  When  flat  skylights  are  employed,  the  ribs  of  wire  glass 
should  be  installed  so  that  the  ribs  run  parallel  to  the  long  dimension  of  the  skylight.  If  this 
is  not  done,  the  light  is  diffused  over  a  narrow  area  parallel  to  the  strip  of  skylight  thus  lighting 
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one  part  of  the  room  much  more  brilliantly  than  the  remamder,  which  condition  it  is  desirable 
to  avoid. 

The  illumiDAtion  near  the  center  of  the  top  floor  may  be  made  aatiifactory  by  the  use  of  flat  akylisfats.  Too 
■trong  light  during  parts  of  tne  day  is  the  chief  disadvantage  of  this  system. 

21/.  Monitor  Roof  Skylights. — This  type  of  construction  is  shown  in  Fig.  30. 
To  make  this  method  most  effective  the  ceilings  and  upper  walls  must  be  finished  white.  A 
special  form  of  monitor  roof  skylight  is  the  so-called  saw-tooth  construction  (see  Fig.  31). 
With  this  construction  a  nearly  uniform  intensity  and  excellent  diffusion  of  illumination  is 
secured  throughout  the  work  space.  It  is  more  adaptable  for  lighting  large  floor  areas  in  wide 
buildings  with  low  ceilings  than  the  monitor  skylight.  The  windows  of  the  skylight  should 
face  north  or  as  nearly  so  as  possible.  The  saw-tooth  skylight  is  especially  well  suited  for  light- 
ing textile  mills,  machine  shops,  foundries,  drafting  rooms,  and  dye  houses  where  careful 
color  matching  is  done. 

Since  the  saw-tooth  windows  should  face  north,  tney  should  be  inclined  at  an  angle  of  20  to  30  deg.  from  the 
vertical  in  order  to  admit  some  light  from  the  upper  sky,  and  to  avoid  one  skylight  cutting  off  the  light  from  the 
next  in  the  rear.  The  interior  surfaces  of  the  saw-tooth  should  be  painted  white  to  diffuse  the  illumination.  The 
angle  at  the  peak  of  the  saw-tooth  should  be  approximately  00  deg. 

Shades  wiU  scarcely  ever  be  required  with  the  saw-tooth  skylight  when  they  face  north  except  in  some  offices. 
The  illumination  of  vertical  surfaces  facing  the  skylights  will  be  higher  than  the  illumination  on  vertical  surfaces 
facing  in  the  opposite  direction;  hence,  where  strong  illumination  on  a  vertical  plane  is  necessary  the  work  should 
be  arranged  accordingly.     The  horixontal  illumination  can  be  made  practically  uniform. 


SECTION  8 
GAS  LIGHTING 

By  C.  M.  Janskt 

With  the  invention  of  the  incandescent  electric  lamp,  the  use  of  gas  for  lighting  rapidly 
declined,  but  with  the  invention  of  the  gas  mantle  and  the  greater  improvement  in  gas  light- 
ing fixtures,  gas  again  became  a  strong  competitor  of  electricity  in  the  field  of  illumination. 
In  many  cases  the  designer  of  a  lighting  system  will  do  well  to  consider  the  possibilities  of  gas 
lighting  service.  The  installation  costs  of  a  first-class  gas  and  a  first-class  electric  lighting  sys- 
tem are  approximately  the  same,  while  in  some  instances  the  cost  of  operation  may  be  less  for 
gas  than  for  electricity. 

The  general  principles  of  calculating  the  illumination  produced  by  a  gas  lighting  system 
are  the  same  as  those  for  electric  lighting.  The  difference  lies  in  the  character  of  the  distribu- 
tion curves  and  variations  in  the  light  fiux  of  the  gas  lighting  units. 

1.  Definitions. — Gas  Pressure. — Gas,  like  any  other  fluid,  will  flow  through  pipes  only  if 
there  is  a  difference  of  pressure  between  any  two  points  along  the  pipes.  This  difference  in 
pressure  is  indicated  by  the  height  of  a  coliunn  of  water  supported  by  the  pressure  of  the  gas, 
which  is  obtained  by  measuring  the  difference  between  the  levels  of  a  quantity  of  water  in  a  U- 
shaped  tube,  one  end  of  which  is  connected  to  the  gas  supply,  the  other  being  open  to  the  air. 

Since  1  cu.  in.  of  water  weighs  0.03G13  lb.,  to  determine  the  pressure  of  the  gas  per  sq.  in., 
merely  multiply  the  difference  in  water  level,  that  is,  pressure  in  inches  of  water,  by  0.03613. 
Sometimes  the  pressure  is  expressed  in  terms  of  the  difference  of  elevation  of  mercury  in  the  two 
limbs  of  a  manometer  tube.  When  this  is  done  the  water  equivalent  may  be  obtained  by  multi- 
plying the  mercury  elevation  by  13.56,  since  mercury  is  13.56  times  as  heavy  as  water. 

Density  or  Specific  Gravity. — The  specific  gravity  of  gas  means  the  relative  weight  of  a 
volume  of  the  gas  and  the  weight  of  an  equal  volume  of  air  at  32  deg.  F.  and  1  atmospheric 
pressure.  Since  illuminating  gases  are  lighter  than  air,  the  specific  gravity  of  the  gas  will  almost 
invariably  be  less  than  unity. 

Heating  or  Calorific  Value. — With  the  introduction  of  the  gas  mantle  the  illuminating  prop- 
erties of  a  gas  are  no  longer  determined  by  its  composition  but  by  its  heating  value.  The  calo- 
rific value  of  a  gas  is  the  heating  power  of  the  gas  expressed  in  British  thermal  units  per  cubic 
foot  of  the  gas  at  a  temperature  of  62  deg.  F.,  and  under  a  pressure  of  1  atmosphere,  about  30 
in.  of  mercury.  One  B.t.u.  is  the  quantity  of  heat  required  to  raise  the  temperature  of  one 
pound  of  water  from  62  deg.  to  63  deg.  F.  The  heating  value  of  the  gas  is  determined  by  burn- 
ing a  quantity  of  it  in  such  a  manner  that  all  the  heat  produced  is  transmitted  to  a  known  weight 
of  water.  By  measuring  the  increase  in  the  temperature  of  the  water,  multiplying  this  by  the 
weight  of  the  water,  and  dividing  by  the  volume  of  the  gas  consumed,  the  result  is  the  B.t.u. 
per  cubic  foot  of  the  gas. 

Gas  Candles  Power. — Although  the  quality  of  gas  is  still  sometimes  expressed  in  terms  of 
its  candle  power,  the  luminous  property  is  of  little  practical  importance.  The  candle  power  of 
a  gas  is  the  luminous  intensity  in  a  horizontal  direction  from  an  Argand  burner  or  from  the  flat 
side  of  an  open  tip  burner  consuming  5  cu.  ft.  of  gas  per  hr.,  and  is  obtained  by  direct  comparison 
with  a  standard  of  known  intensity.  It  is  an  indication  of  the  amount  of  illuminants  in  a  gas. 
With  the  mantle,  the  candle  power  is  not  determined  by  the  illuminants  but  by  the  heating  value. 
The  gas  is  thus  merely  a  fuel  for  raising  to  incandescence  the  material  of  the  mantle. 

Gaseous  Fuels. — The  gases  used  for  both  illuminating  and  heating  purx)oses  may  be  divided 
into  two  general  classes,  manufactured  and  naturaL  The  chemical  composition  of  gases  in 
either  of  these  classes  will  vary  and  accordingly  the  heating  values  will  vary.  Table  1  gives  the 
composition  of  manufactured  commercial  gases. 
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Tabu  1. — CoMPoainoN  awd  Hcatino  Valub  or  ComoRCUL  Oabib 
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aeetyliDs.  The  compaitiaB  i^  eoi]  im  will  flapcod  upon 
the  quality  of  tlie  en*!  frgm  whiefa  it  ii  mnda.  Tb*  bent- 
inc  Tklua  will  nogB  from  GOO  to  67S  B.tn.  per  en.  ft. 

Aoatylena  li  ■  (U  ricb  in  carbon  and  muat  be  burnad  wlU 
•  liberal  aupply  dI  air,  but  when  ao  burned  dvea  ■  imj 
brilliant  wbitiah  flune  and  producea  a  moat  uaeful  Soal 
KUTce  of  lishC     A  Dumtle  i)  aeldom  uied  with  an  •oatj' 

immaterial  llCbouch  it  will  devetop  between  1437  to  M7T 
B.t.u.  per  Du.  It.  Natural  saa,  like  coal  aw,  will  Tujt 
greatly  in  Gompoaition  depending  upon  tba  loeaUty  of  tAa 
wella.  It«  ipvfiEo  Brevity  range*  tram  0,A7  at  Clarioa 
Co.,  Pa.,  to  1.01  Id  oarthweatera  Oregon,'  Tha  hMtii^ 
na.  I.  value  ranget  from  21  to  17M  B.l-u.  per  en.  ft. 

3.  Gas  Lamps. — The  gas  lamp  in  its  simplest  form  consists  of  two  essential  parts — tha 
burner  and  the  mantle — the  former  usually  being  fitted  with  a  glass  chimney  to  secure  satirfac- 
tory  and  efficient  illumination  (Fig.  1).  The  function  of  the  burner  is  to  properly  mix  the  air  and 
gaa  and  to  direct  the  flow  of  the  mixture  so  that  when  ignited  it  will  raise  the  mantle  to  a  uni- 


Pio.  3. 


Flo,   3. 


Fio.   1. 


formly  high  temperature.  Theluminouapropertyof  the  burning  gas  is  of  no  importance  but  its 
beating  properties  are  of  first  importance.  The  mantiv  is  a  lacelike  hood  of  refractory  material 
which,  when  heated  to  incandescence,  givesa  brilliant  light.  The  mantle  is  made  of  some  orgmnie 
material,  such  aa  "artificial  eilk,"  impregnated  with  the  salts  of  ceria  and  thoria.     Thecbarmotor 

'Marka,  Mechanical  Engineen'  Handbook,  p.  ei*. 
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of  the  f&bric  used  detennSnes  the  mechanical  strengtli  of  the  mantle,  while  the  rare  earths  em- 
ployed determiae  its  radiuit  effioienoy  and  the  color  of  thelight.  In  the  earlier  lamps  the  mantle 
was  mounted  above  and  enclosing  the  burner.  This  greatly  limited  the  use  of  the  goa  lamp,  but 
more  modem  designs  permit  the  mounting  of  the  mantle  below  the  burner  in  a  pendant  position. 
Likewise,  thelampsmaybesingleor  multiple,  i.e.,  contain  one  ormore  burners  and  mantlea 

With  these  developments,  the  gaa ^. 

lamp  haa  almost  the  same adapta-      r™"    ■  .-  ■    .  ■■.  -^-^    •    -^'   ''■-■-■'  ■- — ^ ^ 
bkncssas  the  electric  lamp.    Some 
recent  types  of  inverted  gas  lamps 
are  shown  in  Figs.  2,  3,  and  4. 

3.  Distribution  Cnrret. — The  s 
light  flux  distribution  curve  of  the 
gas  lamp  depends  upon  the  reflec- 
tor in  the  same  manner  as  the  dis- 
tribution curve  of  an  electric  lamp. 
This  is  shown  by  Figs.  5  and  6. 
Fig.  5  is  the  distribution  curve  of  a 
vertical  gas  lamp  consuming  4.06 
cu.  ft.  of  water  gas  per  hr.  with  a 
clear  chimney.  Fig.  6  is  the  dis- 
tribution curve  of  a  similar  lamp 
with  a  reflector  as  shown.      It  is 

thus  evident  that  in  designing  a  gas  lighting  system,  due  attention  must  be  given  to  the  type  of 
reflector  and  the  distribution  curves  produced. 

4.  Design  of  Gas  Lighting  System. — The  first  step  in  designing  a  gas  lighting  system  is 
exactly  the  same  as  for  an  electncligbtmg  system ,  that  is,  the  determmation  of  the  proper  illumi- 
nation on  the  workup  plane      The  second  step  is  the  lalculation  of  the  number  of  lumens 

^^.  necessary  to  produce  this  desired 

■p^  '  'V5iJSMtffl^i\V^'i+^      dlummation.       The    number    of 

lumens  emitted  by  any  lamp  may 
^  be  calculated  from  the  distribu- 
tion curve  of  that  lamp  If  the 
mean  spherical  candle  power  of 
the  lamp  is  known,  the  total 
lumens  may  be  obtamed  by  multi- 
plymg  the  mean  spherical  candle 
power  by  12  57  It  is  rather  diffi- 
cult to  follow  this  procedure  for 
the  coefficients  of  utilisation  for 
gas  lighting  fixtures  are  not  avad- 
able.  Table  2'  gives  much  valu- 
able data  on  gas  lamps  and  refleo- 
tors.  This  together  with  Table  3 
may  be  used  in  determining  the 
spacing  and  mounting  height  of 
different  types  of  lamps  of  the 
Welsbach  make.  The  radius  for 
Fia.  e.  4^oot  candles  illumination.  Table 

2,  is  the  radius  of  the  horiiontal 
circle  on  the  working  jdane  from  a  point  immediately  beneath  the  lamp  within  which  circle 
an  average  illumination  of  4  foot-candles  will  be  produced  when  the  lamp  is  placed  at  the 
proper  height.  To  find  the  corresponding  radius  for  other  illumination  intensities,  the 
radius  for  4  loot-candles  is  multiplied  by  the  multiplier,  Table  3,  opposite  the  desired  illumi- 

>  Wehbach  lUumlution  Data  Book. 
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nation  intensity.  Opposite  this  corrected  radius  will  be  found  the  mounting  height  above  the 
working  plane.  The  zones  30,  45,  and  60  deg.  for  which  calculations  are  made,  are  those 
within  which  the  light  from  the  different  reflectors  is  distributed  with  such  uniformity  upon 
a  horizontal  plane  that  the  minimum  illumination  near  the  edge  of  the  illuminated  area  will 
be  near  enough  to  the  average  for  practical  purposes.  The  zones  are  measured  from  the 
bottom  of  the  vertical  axis  of  the  lamp. 

Table  2. — Radius  of  Illuminated  Area  for  4-foot  Candles  Illumination  with  Dif- 
ferent Lamps  and  Glassware 


Lamp 

Mantle 

Chim.  or 
globe 

Shade 

Cone, 
(cu.  ft. 

60  deg. 
lumena 

Radius  for 
4  f  .-0.  ilium. 

003 

4#2 

434  alab. 

ll^SOpal 

18.8 

877.4 

8  ft    4  In. 

005 

4#2 

434  clear 

ll^SOpal 

18.8 

879.2 

8  ft.    4  in. 

200 

4  reflex 

10  clear 

13.03 

906.0 

8  ft.    6  in. 

200 

4  reflex 

10  alab. 

13.03 

730.0 

7ft.    Sin, 

902 

1  reflex 

5  clear 

3.71 

328.0 

5  ft.    Oin. 

901 

1  reflex 

5  clear 

3.71 

324.0 

5ft.    Gin. 

1911 

5  reflex 

11  clear 

17.01 

1942.0 

12  ft.    6  in. 

1911 

3  reflex 

12  clear 

11.02 

1245.0 

10ft.    Oin. 

66 

4197 

306  clear 

71  opal 

5.12 

430.7 

5ft.    Oin. 

71 

197 

306  clear 

71  opal 

4.66 

321.0 

5ft.    Oin. 

71 

197 

306  clear 

71  gr.  opal 

4.66 

337.1 

5  ft.    2  in. 

71 

197 

306  opal 

71  opal 

4.60 

302.0 

4  ft.  11  in. 

71 

197 

42  ch. 

71  opal 

4.07 

345.0 

5ft.    Sin. 

71 

197 

42  ch. 

71  gr. 

4.07 

280.0 

4ft.    Oin. 

71 

196 

310  c.  ch. 

316  op. 

3.70 

253.0 

4  ft.    6  in. 

71 

196 

310  op. 

316  op. 

3.70 

230.0 

4ft.    Gin. 

52 

53 

1678 

1.66 

42.5 

1  ft.    6  in. 

1  reflex 

reflex 

317  TF 

442  F.  R. 

3.31 

217.4 

4  ft.    2  in. 

1  reflex 

reflex 

317  C. 

441  V.K. 

3.56 

224.1 

4ft.    Sin. 

1  reflex 

reflex 

317  H.F. 

502  gr. 

3.31 

312. 1» 

5ft.    Oin. 

1  reflex 

reflex 

317  H.F. 

531 

3.31 

264.8* 

4  ft.    4  in. 

1  reflex 

reflex 

317  H.F. 

502  op. 

3.31 

231.8* 

4ft.    Sin. 

1  reflex 

reflex 

317  T.F. 

531 

3.31 

304.7* 

4  ft.  11  in. 

1  reflex 

reflex 

317  F. 

504 

3.31 

210.3* 

4  ft.    lin. 

1  reflex 

reflex 

317  II.F. 

504 

3.31 

234.0* 

4  ft.    4  in. 

1  reflex 

reflex 

317  F. 

503  op. 

3.31 

326.0 

5ft.    Oin. 

1  reflex 

reflex 

.  317  F. 

533  en. 

3.31 

295.0 

4  ft.  10  in. 

1  reflex 

reflex 

317  II.F. 

533  en. 

3.31 

321.0 

5ft.    Oin. 

1  reflex 

reflex 

317  T.F. 

£-1 

4.20 

538.9 

Oft.    6  in. 

1  reflex 

reflex 

317  T.F. 

I-l 

4.20 

368.0* 

5  ft.    4  in. 

1  reflex 

reflex 

317  C. 

F-1 

4.20 

292. Of 

4  ft.  10  in. 

1  reflex 

reflex 

317  T.F. 

3416 

3.65 

344.0 

5ft.    Sin. 

1  reflex 

reflex 

317  T.F. 

1602 

3.65 

380.0 

5  ft.    5  in. 

1  reflex 

reflex 

317  H.F. 

1602 

3.65 

344.0 

5ft.    Sin. 

1  reflex 

reflex 

317  T.F. 

0918 

3.74 

424.0 

5ft.    Oin. 

reflex-20 

403 

376  C. 

224  op. 

8.69 

1203.0 

Oft.    Oin. 

reflex-20 

403 

376  C. 

7150  bolo. 

8.69 

1346.0 

10  ft.    4  in. 

reflex-20 

403 

376  C. 

222  op. 

8.69 

1146.0 

Oft.    6  in. 

reflex-20 

403 

376  C. 

224  Al. 

8.69 

1097.0 

9  ft.    4  in. 

reflex-20 

403 

376  C. 

248 

8.69 

1113.0 

9  ft.    5  in. 

reflex-20 

403 

376  C. 

228  Op. 

8.69 

1016.0 

9  ft.    0  in. 

reflex-20 

403 

376  V.K. 

244  Al. 

8.69 

883.0 

8ft.    Sin. 

376  V.K. 

352 

8.69 

1077.0 

9  ft.    S  in. 

open  flame 

7.23 

90.0 

2ft.    Sin. 

intenso 
4  reflex 
4  reflex 

3-Ref. 
40 
40 

910  C. 

10.62 
1.70 
1.70 

942.0 
144.5 
222.5 

8ft.    Oin. 
3  ft.    5  in. 
4ft.    Sin. 

423  C.R. 
0421 

328  T.F. 

48  reflex 
48  reflex 
1800 

3-33 
3-33 
8-33 

8C. 
8A1. 
1806  AL 

■ 

0.72 
7.21 
7.14 

908.0 
638.0 
707.0 

8  ft.    5  in. 
7  ft.    lin. 
7ft.    Oin. 

*  ■■  Iiunena  in  45  deg.  lone. 
t  ■■  lumeni  in  30  deg.  lone. 


0^5  UOHTINO 
Tabli  8 


lUumiMtion 
tt..(«ndl« 

MdtipUn 
forndiiu 

Mountinc  hdgbC  ■bov«  workinc  plnoe 

[mdiui 

SOd.( 

45  dn. 

30  de,. 

m 

2 
3 

5W 

IN 

K 
Mo 

2  (1.  0  in 
a  ft.  0  Id 

3  ft.  6  iD 

4  H.  0  in 
*  U.  fl  In 

5  ft.  0  in 

5  ft.  S  in 
e  ft.  0  in 

6  ft.  6  in 

7  ft.  0  In 

7  ft.  fl  in 

8  fr  0  in 
B(t.  Aid 

g  It,  0  in 
10  ft.  0  in 

1  ft.    e  in 
2[t.    Oin 
2Ct.    4iD 
2ft,    Tin 

2  ft.  11  In 

3  It.    9  In 
lit,    Oin 

4  ft-    «)n 
4  It,    7  in 

6  ft.    8  in 
Sit,    Sin 

3  ft,  0  In 

3  ft,  S  in 

4  ft.  0  in. 

5  ft,  0  in 

0  It.  0  In 

8  It.  fl  in 

\V,T. 

8  It,  0  in 
S  ft,  e  in 

B  ft.  9  in 
10  ft,  0  in 

4  It.  4  in 
G  ft,  3  in 
e  ft.  0  in 
7  ft.  0  in 

7  ft,  0  In 

8  ft  8  in 

Fbor  atijuffment  ofburntr 


Hflght  0f>naiitt«  0b9vtfbor  Infeet-, 
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UtattntlT*  Problam. — Wlut  mot  b«  th»  monUJnc  biUht  s(  >  No.  30  Raflei  Ismp  with  &  No.  348  raOceUr, 
Id  onla  to  produM  an  ftinaca  lUumiaaUaD  of  8  taai-cUMUca,  u>d  faow  lu  apart  ibould  tha  Umpi  be  •paoedl 

Br  Tabi*  S,  th«  Uliuniutloii  tadhn  for  4  foot-candlM  la  0  ft  S  In.  Tba  mnltiplylDc  taotor  for  0  foot-caodta 
ii  H.  1'abls  3.  Tfae  sorreoted  tadim  to  H  X  113  In.  -  S3  in.  -  T  ft.  B  In.,  mxiticiaUy,  T  ft.  D  lu.  EefecilDs  to 
Table  S  we  find  that  for  a  eOnlei.  khw,  tha  moiiDtinc  fadslit  la  4  ft  4  in.  and  tor  a  411-def.  lona,  It  to  7  ft.  S  In. 
abort  tha  illuminattan  plana.  If  the  lampa  are  thui  monotvil  IS  ft  apart  the  Uluminatioii  intanaitr  will  bo  aboM 
0  f  oot-eandlet- 

Arthur  Sweet  haa  prepared  for  the  Industrial  Commission  of  WiscsoBin  a.  chut,  Fig.  7, 
for  determining  the  proper  spacing  and  sise  of  gas  lamps  to  produce  a  denred  illumination 
intensity.  This  is  used  in  exactly  the  same  way  as  chart,  fig.  28,  p.  1341.  The  result,  how- 
ever, is  given  in  cubic  feet  of  gas  per  hour  required  and  number  of  mantles  instead  of  watts. 


num  Spacing  lii  ft* 


Refarrln 

to  tfae  chart,  we  eee  that  the  nuaimiun  apadoB 

aiaot  apacim 

wntal  line  to 

14  au.   ft.   p 

r  hr.  lamp.     For  a  .padn,  of  13  ft.,  one  3-in 

p  will  ^ve  the  dtalrvl 

iflumiution. 

6.  Semi-indirect  Gas  lUumiiuition. — With  the  development  of  the  inverted  mantle,  semi- 
indirect  illumination  was  made  possible.  The  problem  of  determining  the  location,  spaeing, 
height,  and  sise  of  lamp  for  semi-indirect  gas  illumination  is  the  same  as  for  electric  illumination. 
The  coeRicients  of  utitiiation  are  of  about  the  same  order  of  magnitude  as  for  semi-indirect 
electric  illumination — seldom  will  this  be  over  40%.  The  type  of  fixture,  condition  of  reflecting 
surface  of  the  reflector,  and  of  the  walls  and  ceiling,  are  important  factors.  Unless  exact  data 
are  available,  the  light  flux  emitted  by  a  burner  consuming  1  cu.  ft.  of  gas  per  hr.  for  indirect 
lighting  may  be  assumed  to  be  250  lumens.  With  this  data  the  siie  of  lamps  necessary  can  bo 
determined  with  reasonably  close  approximation. 

tllDatrallTe  Pioblem.— A  (tore  25  X  SO  ft.  li  to  be  illimuDated  bj  aemi-iDdiiect  tta  Umpa.  II  the  eeillnv  are 
13  ft.  hicfa.  how  mtny.  what  «ie  Umpa  are  required,  and  bow  thould  they  be  ipaeedT  The  eeilini  ii  white  and 
walla  are  mediun. 

Accordinf  to  Table  1,  p.  1321.  the  coelBcieBt  of  utilitatiOD  for  a  aenu-indireot  electric  liibtinc  ayitem  f  or  a  loom 
of  the  liw  apecified.  ia  about  37%.    AMiunlng  the  ooeflleient  of  utUiutian  lor  caa  liabtios  to  be  the  aama,  and 
■laumiDC  6  foot-eandle*  to  be  the  iUumiDation  intaDaity  dcalred.  the  total  lumena  neceaaar)'  equal* 
0X6  _ 
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The  ipMdni  and  luUit  of  moantlnc  <■  detaimiud  by  tha  thmpt  of  the  nwDi  ftod  hdsht  of  oeilliic.  Fici.  S 
•Bd  9'  (how  luiimiim  diiUnoca  permiHible  butmeii  outlsU.  Sinee  the  oeilinf  »  12  ft.  bish,  tbe  muimum  ipMin*. 
Tit.  S,  k  S  ft.  and  FIc.  0,  10  ft.     Th>  farnwr  1*  for  rooui  wlun  etoH  ind  Bitftlng  work  li  diHH.     RaquInBMnt* 


i 
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SECTION  9 

GAS  FITTING 

By  C.  M.  Janskt 

Gas  used  for  heating,  illumination,  and  other  purposes  is  distributed  through  the  buildings 
by  means  of  wrought-iron  or  steel  pipes  which  are  coupled  or  connected  by  special  parts  called 
fittings.  The  term  pipe  fiUing  is  used  to  designate  the  work  of  putting  together  various  lengths 
of  pipes  and  their  connecting  parts. 

1.  Gas  Pipe. — Most  of  the  pipe  now  used  for  the  distribution  of  gas  is  made  of  a  low-carbon 
acid  Bessemer  steel.  This  steel  welds  readily  and  it  has  nearly  displaced  wrought  iron  for  this 
purpose.  The  seams  of  gas  piping  are  welded  by  one  of  two  methods :  pipes  of  1  J^-in.  diameter 
or  under  are  butt  welded,  and  those  over  l}^-in.  diameter  are  lap  welded.  Welded  pipes  may 
have  defects  and  hence  each  piece  should  be  carefully  inspected  before  it  is  installed.  The  most 
common  defects  are: 

1.  Defective  xoelda^  that  is,  the  scam  may  be  imperfectly  joined. 

2.  Cracks. — These  originate  in  the  ingot  as  blowholes,  shrinkage  cracks,  or  other  defects.  As  the  ixxgot  is 
rolled  out  in  a  sheet  these  defects  lengthen  out. 

3.  Blistert. — These  are  caused  by  "piping,"  or  cavity  in  the  ingot,  and  heat  swells  them  above  the  surface 
when  the  pipe  is  formed. 

4.  SecUe  Pita  and  Sand  Marke. — These  are  small  indentations  caused  by  rolling  scale  or  sand  into  the  surfaces 
of  the  plate  from  which  the  pipe  is  formed. 

Welded  steel  pipe  is  made  in  standard  sizes  designated  in  inches,  as  follows:  J^,  }i,  J^,  J^, 
Ji,  1, 1}^,  1H»  2,  2}4f  3,  3H,  4,  4H»  and  in  sizes  of  even  inches  from  5  to  12  in.  inclusive.  These 
sizes  refer  to  the  inside  diameters  of  the  pipes,  but  as  a  matter  of  fact,  they  are  only  nominal 
as  the  actual  diameters  differ  more  or  less  from  the  designated  diameters.  While  pipe  is 
designated  by  its  nominal  inside  diameter,  it  is  standardized  in  size  in  outside  diameters. 

Steel  pipe  may  be  obtained  either  galvanized  or  plain,  and  some  makers  coat  it  with  as- 
phalt or  tar.  A  pipe  is  now  made  particularly  smooth  and  free  from  scale  by  welding  it  slightly 
over  size  and  reducing  it  to  proper  dimensions  in  sizing  roUs. 

2.  Dimensions  of  Standard  Iron  Pipes.  ^ — The  following  table  shows  the  standard  dimen- 
sions of  iron  pipe,  including  standard  threads  for  ends  of  the  pipe.  These  standard  azee  are 
made  in  wrought  iron,  mild  steel,  and  brass  as  commerical  products. 

In  ordering  iron  pipe  it  is  necessary  to  designate  only  the  size  of  pipe  required  as  given  in 
the  first  column  of  the  table,  without  any  mention  of  thickness. 


Actual 

Actual 

Sixe 

outside 

Thickness 

Threads 

Sixe 

outside 

Thickness 

Threads 

(inches) 

diameter 
(inches) 

(inches) 

per  inch 

(inches) 

diameter 
(inches) 

(inches) 

per  inch 

H 

0.405 

0.068 

27 

3M 

4.0 

0.226 

8 

K 

0.54 

0.088 

18 

4 

4.5 

0.237 

8 

H 

0.675 

0.091 

18 

4H 

5.0 

0.246 

8 

H 

0.84 

0.109 

14 

5 

5.563 

0.259 

8 

H 

1.05 

0.113 

14 

6 

6.625 

0.280 

8 

1 

1.315 

0.134 

IIH 

7 

7.625 

0.301 

8 

IH 

1.66 

0.140 

llH 

8 

8.625 

0.322 

8 

IH 

1.9 

0.145 

llH 

9 

9.625 

0.344 

8 

2 

2.375 

0.154 

UH 

10 

10.75 

0.366 

8 

2M 

2.875 

0.204 

8 

il 

11.76 

0.375 

8 

3 

3.5 

0.217 

8 

12 

12.75 

0.375 

S 

>  From  Daafortb't  Meoh.  Process,  p.  401. 
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8.  Pipe  Fittings. — Pipe  fittings  are 
made  in  standard  forms,  sizes,  and 
threads  to  agree  with  standard  sizes  of 
pipes.  Fittings  of  one  manufacture  may 
thus  be  used  with  piping  of  another 
manufacture  although  difficulty  is  occa- 
sionally found  in  pipe-fitting  due  to  the 
fact  that  the  slightly  tapered  threads  on 
both  pipe  and  fittings  are  cut  too  deep 
or  too  shallow.  Fig.  1  together  with 
the  explanatory  table,*  gives  information 
concerning  standard  forms  of  fittings 
some  of  which  are  not  common  on  gas 
installations. 


Via.  1. — Examples  of  pipe  fitting. 


Reference 
No. 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 


Fitting 


Sise 
(inches) 


Style 


Globe  valve 

Angle  valve 

Gate  valve 

Plug  cock 

Horisontal  check  valve 
Vertical  check  valve. . . 

Anglo  check  valve 

Screw  union 

Flange  union 

Long  screw 

Long  screw 

Tee 

Tee 

Tee 

Bull-head  tee 

Reducing  tee 

Four-way  tee 

Cross 

Y-branch 

Elbow 

Elbow 

Reducing  elbow 

Side-outlet  elbow 

Street  elbow 

45-deg.  elbow 

Return  bend 

Sleeve  coupling 

Reducing  coupling 

Reducing  coupling 

Extension  piece 

Bushing 

Bushing 

Expansion  joint 

Cross-over 

Shoulder  nipple 

Long  nipple 

Cap 

Cap 

Cap 

Plug 

Plug 

Plug 


> 


H 
H 
^i 
^i 

1 

1 
1 

H 
H  X  1 

4  X   1  X   1 

H 

1 

K  X  1 
1 

1 
yi  X 

KX  1 

H 

HXH 

H  X  1 

H 

H 

I 

1 

H 

.     H 
H 


^i 


Malleable, 

Malleable. 

Malleable, 

Malleable, 

Malleable, 

Malleable, 

Malleable, 

Cast  iron 

Malleable, 

Malleable, 

Cast  iron 

Malleable, 

Malleable. 

Malleable, 

Cast  iron 


beaded 

plain 

beaded 

beaded 

beaded 

plain 

beaded 

plain 
pUdn 

plidn 

beaded 

beaded 


Malleable,  plain 
Malleable,  plain 
Malleable,  plain 


Malleable,  beaded 


1  Danforth's  Mech.  Prooeea 
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FitttngB  are  made  of  cast  iron  or  malleable  iron.  The  malleable  iron  fittinga  an  adapted 
to  high  prcBflUTcs.  They  are  made  in  two  stylea  knows  as  beaded,  that  is,  with  a  rolled  rim  at 
the  opening;  and  plain,  without  a  rim.  Cast-iron  fittings  aie  more  bulky  than  the  malleable 
fittings  and  are  used  for  pressures  of  not  over  160  lb.  Iron  fittings  are  either  black  or  galva- 
nised. The  latter  should  be  used  in  oonneetiag 
gas  pipes. 

4.  Tools  Used  In  Pipe  Ffttin|:.>— The  hand 
tools  ordinarily  used  in  pipe  work  are  shown  in 
Fig.  2,  The  pipe  vise  holds  pipe  for  cutting,  thread- 
u^,  and  fitting  parts  together.  The  tongs  and 
wrenches  grip  the  pipe  for  holding  or  turning. 
Dies,  made  with  standard  threads,  are  held  in  the 
die  stock  when  in  use.  Each  siie  of  pipe  die  has 
a  bushing  which  fits  in  the  stock  behind  the  die  to 
steady  the  stock  on  the  pipe  end. 

5.  Flow  of  Gas  In  Pipes. — In  order  that  the 
gas  appliances  may  operate  at  maximum  efficiency 
they  must  be  supplied  by  the  proper  amount  of  gas 
at  the  proper  pressure.     This  means  that  the  pipes 

must  be  of  ample  size  so  that  the  pressure  wiU  not  he  materially  reduced.     He  sise  of  the  pipe 
will  depend  upon  the  number  of  outlets  to  be  supplied  and  the  length  of  pipe. 

The  standard  formula  for  calculating  the  size  of  pipe  is  that  of  Prof.  Pole  as  follows: 


Fio.  3. — Hps  GttiDf  tool*. 


in  which  d  —  diameter  of  pipe,  in  inches. 

Q  —  cubicfeetof  gasperhour. 
/*]  >•  initial  pressure,  inches  of  water. 
P]  —  terminal  pressure,  inches  of  water. 

L  =  length  in  feet. 

p  "  specific  gravity  of  gas,  air  I. 

C  =  constant  ~  2340,  about. 

Experience,  however,  shows  that  the  actual  diameter  should  be  considerably  laiger  than  the 
theoretical  diameter  given  by  Pole's  formula.  Furthermore,  allowances  must  be  made  for  par- 
tial obstruction  of  the  pipe  due  to  rust  and  condensed  hydrocarbons.  This  allowanoe  should 
be  about  onc~third  for  smooth  lead  pipes  and  one-half  for  iron  pipes.* 


nhulIatlT 

s  Ptobl 

m.— Wt»t 

■lie  [upe  it  D>M* 
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ofproHUf 

eiiliD.  ofwiUrl 

Thsdeu 

in  u  SO  It. 

Data: 

4 

It. 

-0.4S 

F,  -F, 

-  lin. 

LocO 

-  1.301030 

Logo- 

-  (2H1.301030)  - 

logt 

l.eSSB70 

!->*(> 

- 

1.653313 

LotO't 

3.eM243 

LOI2340 

Lo,2aW 

-  (2H3.3692IC)  - 

0.738133 

Log  IP,  -  P,) 

0.090000 
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Log 


Q*Lp 


(2340)  «(Pi  -  Pf) 


7.215810  -  10 


QtLp 


(2340)«(Pi  -  Pt) 
d  -  0.278  in. 


1.443163  -  2  -  Log  <i. 


A  computer  based  on  this  formula  has  been  designed  by  William  Cox.  The  use  of  this  com- 
puter saves  much  time  in  determining  the  requisite  size  of  pipe.  The  sizes  of  pipes  specified 
in  the  computer  are  somewhat  larger  than  the  calculated  values  from  Pole's  formula. 

Tlie  following  short  table  may  be  used  for  approximate  calculations.  This  table  gives 
the  diameter  of  pipes  in  decimals  of  an  inch.  It  is  based  on  a  table  originally  published 
by  Clegg.^     The  table  has  been  abbreviated  by  omitting  the  two  last  decimal  places. 

Table  Showing  the  Diameter  of  Pipes,  in  Decimals  op  an  Inch,  to  Supply  Outlets 

AT  Certain  Distances  from  the  Main 


Dist.  of 

Number  of  burner*  each  consuming  5  cu.  ft.  per  hr.  under  a  pressure 

of  1  in. 

(water] 

1 

outlets  from 

3 

5 

10 

15 

20 

25 

30 

40 

50 

100 

150 

200 

300 

main  in  feet 

E 

^iametec 

of  pipe 

«,  in  dedmlas  of  an  inch 

5 

0.155 

0.180 

0.249 

0.294 

0.329 

0.359 

0.388 

0.434 

0.474 

0.02C 

0.739 

0.82C 

0.975 

10 

0.177 

0.217 

0.286 

0.337 

0.378 

0.413 

0.444 

0.498 

0.545 

0.719 

0.838 

0.949 

1.116 

15 

0.102 

0.235 

0.310 

0.365 

0.410 

0.448 

0.482 

0.540 

0.591 

0.780 

0.917 

0.129 

1.210 

20 

0.203 

0.240 

0.329 

0.387 

0.434 

0.474 

0.510 

0.572 

0.626 

0.826 

0.071 

1.090 

1.281 

30 

0.220 

0.270 

0.356 

0.419 

0.470 

0.514 

0.553 

0.621 

0.679 

0.895 

1.053 

1.182 

1.390 

40 

0.233 

0.286 

0.378 

0.444 

0.498 

0.545 

0.586 

0.658 

0.719 

0.948 

1.116 

1.252 

1.472 

50 

0.244 

0.299 

0.395 

0.464 

0.521 

0.570 

0.613 

0.C88 

0.752 

0.992 

1.167 

1.309 

1.539 

60 

0.253 

0.310 

0.410 

0.482 

0.540 

0.691 

0.636 

0.713 

0.779 

1.029 

1.210 

1.357 

1.697 

70 

0.261 

0.320 

0.422 

0.497 

0.557 

0.009 

0.655 

0.735 

0.804 

1.061 

1.248 

1.310 

1.646 

80 

0.268 

0.329 

0.434 

0.513 

0.572 

0.626 

0.670 

0.755 

0.826 

1.090 

1.287 

1.438 

1.C91 

90 

0.274 

0.337 

0.444 

0.522 

0.636 

0.641 

0.089 

0.773 

0.846 

1.116 

1.312 

1.472 

1.731 

100 

0.280 

0.344 

0.454 

0.533 

0.599 

0.654 

0.704 

0.790 

0.864 

1.139 

1.340 

1.503 

1.768 

150 

0.304 

0.373 

0.492 

0.571 

0.649 

0.710 

0.763 

0.856 

0.937 

1.236 

1.453 

1.630 

1.918 

200 

0.322 

0.395 

0.521 

0.613 

0.688 

0.752 

0.809 

0.907 

0.992 

1.309 

1.539 

1.727 

2.031 

250 

0.337 

0.413 

0.545 

0.641 

0.719 

0.786 

0.846 

0.949 

1.037 

1.369 

1.610 

1.806 

2.124 

300 

0.340 

0.428 

0.565 

0.665 

0.746 

0.815 

0.877 

0.984 

1.076 

1.420 

1.660 

1.873 

2.264 

The  next  step  in  designing  a  system  of  piping,  after  the  consumption  or  size  of  the  various 
outlets  and  the  best  direction  to  run  pipes  have  been  determined,  is  to  determine  the  proper 
size  of  pipes  to  instalL  This  is  best  accomplished  by  beginning  at  the  outlet  most  remote 
from  the  meter  and  working  towards  it.  When  the  first  branch  line  is  reached,  the  proper 
size  is  again  determined  by  starting  at  the  far  end  of  the  branch  and  proceeding  to  the 
junction  where  the  quantities  of  gas  for  the  two  pipes  are  added  and  the  same  process  is 
repeated  until  finally  the  meter  is  reached.' 

6.  Installing  Gas  Pipe. — In  installing  pipe  for  gas  service  a  few  simple  precautions  should 
be  kept  in  mind.  Many  cities  have  local  regulations  to  which  the  installations  must  conform. 
Some  require  that  all  pipes  and  fittings  which  are  to  be  covered  with  concrete  or  cinders  must 
first  be  covered  with  tarred  paper.  When  changing  the  direction  of  the  run,  the  pipe  must 
not  be  bent  for  this  may  cause  a  split  of  the  seam.  Fitting^  should  always  be  used  whenever 
a  change  in  the  direction  is  necessary.  The  pipes  should  be  supported  by  hangers  or  supports  10 
ft.  apart,  approximately.    When  the  horizontal  runs  are  to  be  covered  by  a  floor,  the  pipes 


*  Gerhard.  American  Practice  of  Qas  Lishting,  p.  46. 

'  H.  R.  Sterrett.  Piping  Houses  for  Gas  Ligbting,  Trans,  of  Ilium.  Eng.  8oo.,  vol  10,  p.  208. 
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m&y  be  placed  in  notches  on  top  of  the  joists,  Fig.  3.  Care  should  be  taken  to  avoid  sags 
in  the  pipes  for  moisture  and  condensation  will  collect  in  these  preventing  the  free  flow  of  ga& 
The  horizontal  portions  should  all  be  sloped  either  towards  the  outlet  or  the  meter  so  that 
pipes  may  be  readily  drained. 


for  support 


Fia.  8.— Ceilins  outlet. 


Fia.  4.— Wall  outlet. 


fixture  connections  extending  through  the  walls  or  ceiling  should  have  extra  supports,  and  the  measurements 
should  be  exact  allowing  tne  fixture  to  screw  up  tight  and  flush  with  the  wall  or  ceiling.  Fixture  connections  aie 
shown  in  Figs.  3  and  4. 

Every  outlet  in  the  entire  gas  system  must  have  a  valve.  A  valve  is  also  placed  on  the  street  side  aa  wdl  as 
the  house  side  of  the  gas  meter,  Fig.  5.  All  large  mains  and  branches  must  be  provided  with  valves.  These  valves 
are  invariably  of  the  plug  type. 


Fia.  5. 


?•  Testing. — ^After  all  pipe  is  installed  in  the  building  and  before  any  plastering  or  finished 
flooring  is  done,  the  entire  system  of  pipe  is  subjected  to  an  air  test  of  about  10-lb.  gage  pressure. 
All  outlets  are  capped  or  plugged  except  one  and  that  one  is  fitted  with  the  necessary  pump 
and  gage.  After  the  air  is  pumped  in  to  the  required  pressure,  any  leak  in  the  system  will 
be  noted  by  the  lowering  of  the  gage.  Leaks  are  located  by  the  use  of  soap  suds,  and  also  by 
forcing  ether  into  piping  system.  Any  defective  parts  which  are  disclosed  by  the  test  should 
be  taken  out  and  new  material  put  in  place. 

There  are  many  appliances  on  the  market  which  use  gas  as  a  fuel.  The  installation  of  most  of  these  ia  a 
comparatively  simple  process.  In  the  case  of  cooking  appliances,  such  as,  hot  plates,  the  smaller  ranges,  broilen, 
bake  ovens,  etc.,  the  only  consideration  is  the  correct  sised  pipe.  Some  heating  apparatus  consuming  conaidecmble 
quantities  of  gas  must  be  provided  with  a  flue  to  permit  the  escape  of  the  burned  gases. 


SECTION  10 

ELEVATORS 

By  H.  p.  Bates,  G.  H.  Cheesman,  and  W.  W.  Ligbthipb 

The  elevator  plant  in  the  modern  high  class  metropolitan  oity  building  repraaeata  from  8 
to  10%  of  the  total  investment,  and  should  receive  the  most  careful  consideration,  aa  upon 
it    depends  to  such  a.  large  extent  the  maximum  efficiency  of  the  building  as  an  income 

Elevators  may  be  clasaified  into  Passenger  and  Freight  types,  according  to  the  servloe  to 
be  rendered;  and  these  again  may  be  subdivided  as  follows: 


Hydisu 


id  frocht 


lued  (drum) 

(Tr«tipi.) 
G«r]e»  Trsctian 

(1  : 1  aad  2  : 1  npinc) 

The  forerunners  of  the  modem  elevator  were  hand, 
belt,  and  water  driven;  and  the  hand  and  belt  driven  atill 
survive  with  little  fundamental  change,  except  for  the  sub- 
stitution of  worm  and  gear  for  spur  gear  drive  in  the  belted 
type. 

1.  Hand  Power  Elevator. — The  hand  power  elevator 
(Fig.  1)  has  its  use  where  the  service  required  is  so  limited 
that  the  labor  saving  deriving  from  a  power  elevator  would 
give  an  inadequate  return  on  the  additional  investment  in- 
volved. The  speed  varies  from  10  to  20  ft.  per  min.,  ac- 
cording to  the  operator's  strength  and  endurance.  By 
proper  proportioning  of  gearing,  loads  up  to  .WOO  to  6000  lb. 
can  be  handled,  and  platforms  or  cars  are  made  large  enough 
for  automobiles  of  the  pleasure  and  small  truck  type. 


Frdgbt  only 
Hand  pown 

Doubts  belt  %ad  gingla  belt 
Ceiling  type  eloctrio 
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aoue  len,th  o 
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lift  the  lucn-  1oad< 

and 

the 

manukl  labor  it«m  tot  ■  bud  elevator,  in 

■oylUng 
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ve  Krviee.  ia 
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to  help.    H 

nd  elevaton.  bdiic  built  for 

only  the  I 

mited  «ln 

in* 

acri 

entAl  to  the 

ppUcatioD  of  muaculai  ponr, 

S.  Belted  Elevator.— The  belted  elevator  (1%.  2)  is 
matly  driven  from  line  shafting  existing  for  other  purposes 
1  well.  The  best  practice  fixes  the  speed  at  about  50  ft. 
..,  which  in  itself  limits  the  field  for  this  type  to  low 


FlQ.    I. 


per 

rises  and  unimportant  service.  The  annoyance  and  expense  of  belt  maintenance  is  also  against 
this  type.  The  general  adoption  of  individual  drives  for  all  industrial  equipment  has  been  the 
chief  factor,  however,  in  the  decadence  of  the  belted  elevator,  for  it  is  just  as  cheap  to  comiMt 
a  motw  directly  to  the  machine  worm  shaft  as  to  connect  by  belt  or  chain  and  more  efficient, 
and  frmn  such  direct  connection  has  gradually  evolved  the  electric  elevator  of  toda^. 
••  1361 
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S.  Steam  Driren  Btorator. — The  steam  driren  elevator,  broadly  speaking^  ia  entiiilT 
of  the  past.  The  oast  of  power  is  excessive,  losses  very  oonsidorablc^  power  pUnta  vxpeaxn 
to  maintAin,  and  often,  particularly  when  no  heat  is  re- 
quired from  the  boilers,  the  entire  uidceep  of  the  steam 
plant  must  be  oharged  to  elevator  service.  There  are 
le  old  Hteam  elevators  in  service,  but  in  {M-acticaUy 
every  ease  it  would  be  found  a  paying  investment  to 
substitute  electric  drive. 

data;  Til.,  tb* 


riiera  it  k  ■Ukm  driven  type  which  bu  to 
hriinulio  sliTBtoi  (vciated  by  fordiii  mta  trom  •  twik  Into  tba 
cylinder  by  mtsni  d(  live  Meun.     Then  ii  n  Inrga  oondenuttion  loM 
with  tbit  tyiw.  hawevar,  tnd  in  cold  we&tiiet  it  t>  npt  to  lira  trai^l* 
n*  partieuLuly  welt  prolecled,  eipeoiallr  tjta  lUndinc  idlatoc 
la  time  nod  kllnwing  the  tank  water  to  gat  cold. 
Fia.  2.— Belted  elevator  maoblna. 

i.  Hydraulic  Elevator. — At  one  time  practically  all 
passenger  elevators  were  of  the  hydraulic  type,  and  even  after  electric  elevators  became  oommou 
for  moderate  speed  service,  high  speed  rope  geared  hydraulic  elevators  (Figs.  3  and  4}  a&orded 
the  highest  type  of  service  for  important  buildings.     The  remarkable  development  of  the  electric 


elevator  of  late  years,  however,  has  left  but  a  very  limited  field  for  new  hydraulic  installations. 
These  latter  are  practically  all  of  the  plunger  or  direct  lift  type,  where  rises  are  low  and 
loads  such  that  the  available  water  preiisure  will  permit  of  plungers  of  small  section  with  a  19- 
■ultant  small  water  consumption  and  water  cost,    If  ai)  individual  pumping  plant  is  installed, 
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the  water  can  be  used  over  and  over,  but  pumping  i^anto  Kn  expensive  both  as  to  first  cost 
and  uau^y  as  to  power  consumption  and  thej  take  up  space  which  usually  can  be  put  to 
better  use,  which  is  one  of  the  principal  reasons  for  the  obsoleaoence  of  the  Ugh  grade  geared 
typu  of  hydraulic  elevator. 

43,  Hydraulic  Plunger  Type. — The  principal  field  for  the  plunger  elevator  today 
is  for  sidewalk  ash  hoists,  where  existing  water  preeaure  is  available  and  the  amount  is  so  small 
as  to  permit  discharging  to  the  sewer.  This  type  aLto  lends  itself  well  to  conditions  where  the 
headroom  is  too  limited  for  overhead  machinery  or  sheaves,  although  under  such  condHions 
the  necessary  elimination  of  a  counterweight,  as  would  be  used  with  an  electrio  machine,  very 
materially  increases  the  power  consumption,  as  the  total  weight  of  plunger,  oar,  and  load  must 
be  lifted. 

Fig.  5  shows  the  plunger  or  direct  acting  type  of  hydraulic 
elevator  which,  in  addition  to  the  service  above  noted,  is  sometiraes 
installed  for  low  rise,  heavy  duty  service,  such  as  baggage  and  auto- 
mobile lifts,  and  for  lifting  loaded  freight  cart  and  locomotives. 
Also,  in  localities  where  electric  current  is  not  available,  this  type 
is  considered  practical  for  passenger  service  with  car  speeds  not  in 
excess  of  300  ft.  per  min. 

The  plunger  type  of  elevator  engine  consists  of  a  pdunger  operat- 
ing within  a  cylinder,  which  is  protected  below  the  surface  by  an 
iron  casing.  The  plunger  is  usually  made  of  steel  tubing  of  standard 
lengths  coupled  together  with  cast  steel  couplings  on  the  intide;  the 
cylinders  are  made  of  wrought  or  cast  iron  or  of  cast  steel,  the  latter 
two  being  used  only  where  the  surrounding  earth  might  corrode 
wrought  metals.  T^e  casings  are  of  standard  |Hpe  and  are  driven 
to  a  depth  slightly  in  excess  of  the  elevator  travel,  or  until  bed  rock 
is  encountered,  when  the  hole  b  continued  with  the  rook  as  the 
casing  for  the  cylinder. 

A  >tuffin(  boi  U  mounted  on  thr  top  i>f  the  n'lliid«r.  JuJt  nbovg  cround  IstiI. 
ftnd  through  thi>  the  plunger  pBoeee  ai  the  elerator  trvveU.  The  eiu*  plfttform  i* 
»rri^  OD  the  top  ot  the  plunser,  Ic  which  it  i>  caanected  bj  KB  Iron  pleten,  ftnd 
«  further  emerjency  teetenim  ii  effeeted  by  ubies  which  ure  eeouroly  bolted  to 
the  plHtform  of  the  cu,  peaa  through  the  entire  length  of  the  pluoaer,  and  v4 
•■■in  lutencd  to  the  plug  it  the  bottom  oF  the  plunger.  Thii  additioual  futeo- 
ing  between  platform  BQd  plunger  ii  employed  %m  k  aAfeguud  should  the  plunder 
bte&k  or  eepirata  due  to  internil  corroiion  of  the  plunger  il«lt  or  the  breaking  of 
the  Bteel  coupling!,  or  the  other  tMteninge  it  the  pUtform.  With  ■  coun(e> 
weiihted  elevator,  breiksge  u  indicated  might,  without  tbeH  aafety  cablea, 
IT  being  pulled  into  the  orerhead  work  by  the  overbalanoe  of  the 


:tually  is  not  aubiect  lo  the  lai 
a  plug  a  part  of  the  ptooger,  ■ 
ae  ot  the  reaaooi  for  the  aafety 

id  aiie  [hat  theii 


■imple. 


eounterwcight. 

The  principle  of  tl: 
enten  the  cylinder  juit  below  the  atuffing  bi 

tiona  within  the  eyUnder,  and  the  plunger,  being  morable.  reeponda  to  the  preaaura 
against  its  bottom,  and  risea  until  preaaure  ecaaes  tbrouih  the  clcaing  ot  the  operating  valve,  or  until  the  limit 
of  plunger  travel  is  reached.  For  the  down  motignlhe  opening  of  the  discharie  port  of  the  operating  valve  permit* 
the  cylinder  water  to  be  pushed  out  by  the  plunger  ae  the  latter  deaoends  by  gravity.  With  the  valve  on  oentar 
the  plunger  Is  supported  by  the  water  eolumn  below  it.. 

and  therefore  of  limltsd  rigidity,  the  plunger  of  •  eonnterwaichted  elevator 
3f  columns.  This  is  partly  because  the  counterweight,  equalling  in  weight  the 
to  place  the  plunier  in  t«nrioo  rather  then  In  eompreasion.  This  latter  tact  ia 
.ble  extending  through  Its  length, 
s  it  loses  in  buoyancy,  in  view  of  which  counterbalance  cablea  are  installed  of  sueh  ■  number 
bined  woight  per  foot  will  eompensate  for  the  difference  between  the  weight  per  toot  of  the 

The  operating  coniroi  in  the  car  may  be  hand  top*,  hand  wheel,  or  lever,  the  hand  rope  being  used  only  with 
■low  speed  frraght  elevalora.  and  the  hand  wheel  and  lever  devices  being  used  with  high  epeed  passenger  and  freight 
elevators.  In  tte  rase  of  the  hand  wheel  or  hand  rope,  the  opersting  cable  connects  to  a  three  way  operating  valve 
on  the  machine.  With  lever  control  connection  la  made  by  cable  to  a  pilot  valve  whieh  in  tuiD  ii  the  nndium 
Ibiougb  which  the  main  coatroliiog  valve  is  operated  by  watn  Itihd  the  prfMure  tank  lyitem. 
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The  lDd*pend*n(  wivty  dcTlon  uied  on  pluncs  eliVkton  *n  ■utomatio  UrmlDKl  Btop  Taire*  Bctomlwl  br 
dlMDiial  lUudinc  ropca  in  the  tu^tway,  and  iprini  or  oil  buff«n,  aooonlias  to  tha  ipMii  and  Mrrioa,  iiiid«  botb 
tha  ear  aiul  the  oounUrbatanM. 

lb.  Hydraulic  Pumping  Plants. — Practically  all  hydraulic  elevator  plants  m- 
elude  some  form  of  pumping  plant,  the  earlier  form  of  gravity  preaaure  tank  at  the  top  of  the 
building  having  been  replaced  by  a  closed  preaaure  tank  in  basemeat,  and  an  open  tanlt  for  the 
discharged  water  also  being  located,  for  convenience,  close  to  the  pressure  tank. 

Any  good  heavy  service  pump,  either  ateam  or  electric  driven,  will  draw  the  water  from 
the  open  tank  and  deliver  it  at  the  required  preaaure  into  the  closed  tank.  Air  is  injected  also 
either  by  a  Buitable  compressor,  or  in  the  case  of  some  small  installations,  by  "sniftiug"  in 
with  the  main  pump  delivery.  Air  should  be  maintained  to  the  amount  of  about  one-third 
the  [H^ssure  tank  capacity  when  at  the  maximum  operating  pressure.  The  tank  must  be  large 
enough  to  permit  all  of  the  air  expansion  which  the  most  active  elevator  operation  will  cause  by 
withdrawal  of  water  and  yet  not  allow  the  pressure  to  drop  below  the  minimum  required  for 
elevator  operation.  In  figuring  this,  the  ability  of  the  pump  to  replace  some  of  the  used  water 
during  the  same  period  and  until  the  next  operation  may  be  taken  into  consideration. 


The  cffioicli 
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e  will  havs  a  b«riDg  < 
Bdent  the  pump  unit,  ttis  lower  wIDb* 
Ltion,  With  th«  pump  lyatcm  the  water 
be  tAnka  and  the  cylinden.  and  only 
■ufficient  Ir«ta  water  ia  requited  to  replace  tha  water  loat  by 

Aoeamulator  ayatenu  have  in  tha  pait  been  used  for  larfa 
hif  h  preeaura  plant*,  but  there  ii  little  juatificatign  today  tor  the 
inilallatioD  <d  i  bydrsulio  elevator  plant  o[  auffieleat  dM  to 
'  warrant  goln(  to  tha  aipenae  al  accumulator  muipmaot. 

6.  Electric  Elevators. — The  electric  elevator  was 
introduced  in  18S9,  and  its  history  is  one  of  con- 
tinuoua  and  continuity  development.  The  machine 
itself  consists  essentially  of  a  motor  driven  drum  or 
traction  sheave  over  which  the  cables  lead  to  the  car 
on  one  side  and  to  a  counter-balance  on  the  other.  A 
suitable  controller  is  [Hwided  to  start,  accelerate,  re- 
tard and  stop  the  motor,  and  keep  the  starting  and 
runnii^  currents  at  a  minimum. 
—The  earlier  designs  ot  the  electric  machine  were  all 
i  the  counterweight  cabin 
n  and  gear. 


Ba.  Electric  Drum  Type.- 
of  the  drum  type  (Fig.  0)  which  winds  up  the  lifting  cables  e 
unwind,  and  vice  versa.  This  type  is  driven  from  the  motor  through  a  ? 
creasing  land  values,  however,  in  the  larger  cities  having  forced  buildings  to  expand  vertically 
to  the  great  heighla  attained,  the  drum  type  of  electric  elevator  could  not  compete  with  high 
speed  geared  hydraulic  apparatus,  even  after  the  earlier  crude  controllers  were  imiwoved  upon 
and  comparatively  smooth  operation  was  attained,  principally  because  of  the  unduly  large  dnuns 
required  for  the  great  lengths  of  cable. 

66.  Electric  Traction  Type. — The  constant  and  remarkable  improvemeata  in 
motors,  controllers,  and  mechanical  parts  which  resulted  in  the  increasing  favor  of  the  electric 
type  of  elevator  for  freight  service,  as  well  as  for  comparatively  low  rise  and  medium  speed 
passenger  service,  linally  led  to  the  development  of  the  gearless  traction  elevator.  This  ia 
capable  of  even  greater  speed  than  any  public  safety  department  will  permit  and  is  without 
limitation  as  to  rise.  Ab  no  cables  arc  wound  up  only  a  limited  set  of  cable  grooves  is  required 
For  the  drum,  or  driving  sheave  as  it  is  called,  and  the  width  of  this  latter  as  well  as  the  overall 
dimensions  of  a  machine  of  a  given  capacity  remain  at  a  minimum  regardless  of  height  of 
building. 

d  (60  i< 
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ercy  itond  thenlii  U  oompuvUraly  iinftll.  rapid  leederatloii  1*  e 
ttapa  ftTB  mAde  with  fadlity,  noLwithitAiiding  ths  hi^  Apeeda  at  wl 
■oper  control  of  the  roTolving  macfaiTiv  piirt»  rftther  thmn  of  the  ci 
HlJy  which  is  the  elevator  dal(Der'a  problem  ol  ucomplisbmui 
m^umptioD  p«r  car  mile  ii  materially  leB  for  this  than  for  any  othi 
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the  weight  of  the  car  and  that  ol  the 
member  of  the  coupLe  ia  ohatructed  in  ita  dceeei 
member  cannot  be  pulled  into  the  overhead  woj 
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of  a  flexible 


6c.  Types  of  ControL — Electric  elev&tors  are  controlled 
by  one  of  the  following  methods: 

Hand  Rope  Control. — The  earliest  and  cheapest  form  is  by  means 
Thia  poBsea  through  or  alongside  the  car. 
from  top  to  bottom  of  the  hoiatway,  and  by 
means  of  leading  aheavee  is  carried  over  to  a 
wheel  on  the  machine.  This,  through 
mechanical  connection,  actuates  the  main 
line  and  direction  switches  on  the  controller 
and  makes  other  contacts  through  which  the 
brake  is  opentted  and  acceleration  or  retarda- 
»)mplisheil  at  a  predetermined  rate. 
Centering  the  hand  rope  opens  the  several 
contacts,  cutting  off  all  current  and  permit- 
ting the  brake  to  set. 

Thia  type  ahould  be  apedfied  only  for  alow  speed 
freiiht  service,  and  ia  faat  beoomioi  obsolete  even 
lor  that  claia  ol  equipment.  " 


ill  be.     Furthermore, 
^Ddinfl  and  'pulling  tl 


Car  SurUch  Control. — Control  hy  means  of  a  hand  switch  in  the 
'  is  the  moat  approved  type  for  both  pamenger  and  freight  service, 
regardless  of  speed,  excepting  where  automatic  push  button  control 
s  desirable,  as  later  explained. 

Movement  of  the  switch  handle  from  the  central  position,  which 

it  resumes  automatically  upon  being  released,  results  in  the  energiiing 

of  the  various  magnet  coils  on  the  controller.     These  complete  the 

circuits  controlling  direction,  acceleration,  brake  and  motor,  and  the 

centering  of  the  switch  either  by  hand  or  automatically  upon  ita  re- 

'"d^»tor^2™opiiMr'"      '*"*  breaks  these  circuits,  applies  the  brake,  and  stops  the  machine. 

The  largo-  the  motor  and  faster  the  car  speed,  the  greater  the 

controller  refinement  required,  and  modem  controllers  have  been  developed  to  a  point  where 

high  speeds  and  heavy  loads  are  handled  oa  smoothly  and  as  safely  as  the  lightest  duties. 
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Tba  imalla  nUuiblDta  ua  eqnlppad  witb  iIbcU  apmd  m 

rent  eaulpmsiit,  bat  onlr  bamiH  ■lUrnatinc  current  moton  do  not  land  thaniMlf  ea  ao  rodUy  to  two  i 
However,  aatiitutory  two  tpeed  a.-o.  moton  an  now  to  be  hmd  for  elavatar  aeiriee  and  their  uae  for 
2S0  ft.  per  min.  and  orer  ia  reenmmeaded.  Tbe  alowinc  down  to  aeoond  Bpaad  givea  praetieaUy  tl 
of  the  dynamio  bnldnc  affect  obtained  br  partially  ahort  ciicuitinc  tbe  armature  of  tbe  dimt  bi 


■huttinc  off  tba  power 
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rtopa  radoee  the  nun 

Atitomatic  or  Puth  Builon  Control. — Automatic  control  by  means  of  push  buttona  may 
be  used  for  all  alow  speed  electric  elevators,  and  for  plunger  elevators  by  ueiiig  magnetically 
operated  valves,  although  this  use  of  the  push  button  type  of  control  ia  not  common.  WMi  tiw 
common  form  of  button  control  there  ia  a  button  on  each  landing  for  calling  the  ci^  to  that 
floor.  Also  there  is  in  the  car  a  plate  or  case  carrying  in  its  face  a  button  for  each  floor  served, 
and  numbered  accordingly,  together  with  a  safety  or  stop  button. 

The  car  can  be  dispatched  to  any  desired  floor,  up  or  down,  by  the  passenger  touching  the 
correaponding  car  button.  The  passenger  cannot  open  the  gate  with  which  the  car  is  provided 
without  opening  an  electric  contact 
thereon  which  results  in  stopping  the 
elevator.  If  he  does  open  the  gate,  be 
can  resume  the  trip,  or  initiate  anotbv 
for  a  different  destination,  by  again  clos- 
ing it  and  touching  the  proper  button. 
When  the  car  arrives  at  the  predeter- 
mined floor  level,  it  stops  automaUeally, 
and  a  com  on  the  car  releases  the  hoist- 
way  door  lock,  which  has  held  the  door 
locked  prior  to  the  arrvial  of  the  car. 

There  are  two  styles  of  lock  opnat- 

ing  cams.     One  is  a  fixed  cam  on  the 

car  which  releases  each  lock  in  turn  for 

the  moment  that  the  car  may  be  psHning 

that  floor.     With  this  type,  if  any  door 

is  sprung  or  imperfectly  hung,  it  is  liable 

to  open  just  far  enoughtoopen  the  electric 

contact  which  is  integral  with  the  lock  and  engaged  only  when  the  door  is  closed.     This  will 

stop  the  car  and  if  the  latter  is  being  caUed,  soma  person  must  be  sent  to  locate  and  correct  the 

trouble  by  closing  the  door  before  the  car  can  be  brought  to  the  floor  of  call. 

The  other  cam  ia  of  the  selective  retiring  type.  It  stands  back  from  range  of  the  door  locks 
and  cornea  into  operative  position  only  when  the  floor  of  destination  ia  reached,  when  it  is  auto- 
matically pulled  into  service  by  a  solenoid  on  the  car  top.  Immediately  the  car  is  dispatched 
elsewhere,  the  cam  automoticaliy  retires. 
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TB  the  car  luueapDnaive  to  any  call  UDtil  tlM  laat  our  h 
ialway  door  behind  Mm, 

jT  coDtroUer  ao  seared  to  tbe  machine  driving  abaft  aa  aecv 
i  throush  openinc  tbe  automaUo  circuit  at  tha  lotarral  oc 


nepoDdiDE  to  dntinBtion. 

Acceteratian.  alow  down,  end  itop  are  all  accgmpliafaiid  automalically,  aDd  all  public  safety  il 

and  hoapitaii.  in  all  of  which  it  ia  readily  undcrvtood  and  uaed  by  invalide.  womca,  and  children.  It  It  uaed  alao 
In  baniu  and  private  otiicea,  as  well  aa  for  frciiht  service,  althouih  sa  later  explained,  the  last  usualtj  rMIidret 
the  addition  ol  another  feature  to  five  accurate  stops  with  loada  which  are  bound  to  vary  more  widely  than  do 
thoae  in  the  Usht  paaaenier  aervicea  listed  above. 

The  toUowing  points  are  distinctive  at  the  type,  and  indicate  its  special  operating  and  safety  features. 

Tbe  eat  it  set  into  motion  by  tbe  momentary  touching  of  one  of  tbe  operating  buttons,  which  doea  aot  have 
to  be  held  eompreaaad  while  tbe  car  is  in  moUoD. 

While  operating  from  the  car.  Do  InlerierEnce  from  other  ealla  ia  pcaaible. 

Tha  pawtBierean  atop  tht  ear  at  any  time  by  preaaJBg  tha  atop  button,  and  then  start  It  lot  a; 
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The  oar  cannot  be  started  while  any  landing  door  or  the  ear  gate  Is  open 

A  landing  door  cannot  be  opened  until  the  ear  ia  at  that  landing. 

The  car  is  stopped  automatically  at  the  predetermined  landing. 

In  addition  to  the  regular  terminal  stops  common  to  other  tsrpes,  special  terminal  stops  are  provided  for  the 
upper  and  lower  limits  of  travel. 

It  should  be  pointed  out  that  one  of  the  vital  safety  features  of  the  automatic  elevator  is  the  hoistway  door 
lock.  This  should  be  the  product,  both  in  design,  workmanship,  and  installation  of  the  greatest  skill  and  long 
experience.  Otherwise  the  push  button  elevator  becomes  but  a  source  of  much  annoyance  and  little  service, 
instead  of  an  invaluable  servant  inconspicuous  through  perfection. 

The  practical  lock  must  permit  of  a  very  considerable  variation  of  door  fit,  in  order  that  warping,  shrinking, 
or  sagging  of  the  door  may  not  interfere  with  the  proper  fimctioning  of  the  lock.  Practically  all  door  locks  are 
raad^  to  iQcorporata  contacts  only  through  which  the  automatic  circuit  can  be  established.  In  some  looks,  how- 
ever, these  contacts  are  engaged,  if  the  door  is  closed,  oven  though  the  holding  latch  or  bolt  which  looks  it  may 
have  failed  to  engage  the  keeper.  This  is  noi  a  safe  lock,  in  that  the  door  may  be  opened  on  oooasion  of  latoh 
failure,  even  if  the  car  be  not  at  the  landing. 

The  only  completely  safe  lock  is  so  constructed  that  no  contact  is  established  until  the  lock  bolt  has  entered 
or  engaged  the  keeper,  and  the  door  is  not  only  closed  but  unquestionably  locked. 

Special  Automatic  Control. — A  special  form  of  push  button  control  has  been  developed  for 
freight  and  warehouse  work,  where  the  service  will  be  limited  to  stopping,  on  any  given  trip^ 
at  only  one  floor  besides  the  starting  floor.  With  this  control,  dispatching  buttons  correspond- 
ing to  each  floor  for  each  elevator  are  located  on  the  main  floor,  preferably  set  into  table,  at 
which  a  dispatcher  sits  within  full  view  of  all  elevators.  As  a  car  is  loaded,  the  dispatcher  by 
touching  the  proper  button  sends  it  to  the  floor  of  destination,  either  with  or  without  any 
person  accompanying  it.  When  that  floor  b  reached  the  car  stops  automatically  and  an  auto- 
matic hoistway  door  operating  machine  raises  the  door,  which  is  of  the  vertical  type.  When 
the  trucks  are  run  off  by  the  attendant  on  that  floor,  and  any  other  trucks  which  may  be  ready 
have  been  run  on,  the  attendant  touches  a  door  release  button,  which  permits  the  door  to  close, 
at  a  safe  speed,  by  gravity.  When  the  door  is  closed,  touching  a  second  button  dispatches  the 
car  to  the  main  floor,  where,  upon  the  door  being  opened,  the  cycle  may  be  again  started.  The 
same  gate  machine  operates  all  the  doors  on  the  same  side  of  a  given  elevator,  a  selective  device, 
which  operates  through  the  floor  controller  and  separate  clutch  connections  for  each  door,  per- 
mitting it  to  open  only  one  door  at  a  time,  and  that  the  door  of  destination. 

This  type  of  control  is  used  only  with  the  micro-levelling  elevator,  description  of  which 
follows. 

Micro4ev€lling  Elevator, — What  introduces  virtually  another  class  of  elevator,  including  a 
refinement  of  control,  involves  what  is  known  as  the  micro-levelling  elevator  which  accomplishes 
practically  perfect  stops  with  all  variations  of  load.  All  electric  elevators  depend  for  the 
final  stop  on  brake  shoes  applied  to  some  revolving  member  of  the  machine,  and  as  the 
ultimate  shoe  friction  is  fixed  in  a  given  machine  it  follows  that  the  greater  the  descending 
load  and  speed  the  longer  will  be  the  brake  slide.  Thus  a  fully  loaded  descending  car  will 
slide  farther,  after  the  initial  brake  application,  than  one  in  which  the  load  just  equals  the 
weight  by  which  the  counterbalance  exceeds  the  empty  car,  and  an  empty  ascending  car  will 
slide  farther  than  a  loaded  one,  owing  to  the  overhauling  action  of  the  counterweights. 

The  result  ia  that  an  automatically  controlled  elevator,  of  the  non-micro  type,  does  not 
lend  itself  advantageously  to  service  with  widely  varying  loads,  as  the  varying  slides  in  such 
service  may  result  in  the  car  stopping  anywhere  within  a  fairly  considerable  range  below  and 
above  the  actual  floor  level. 

The  increasing  use  of  both  hand  and  power  operated  commercial  trucks  in  industrial  plants  has  augmented 
the  necessity  for  quickly  and  easily  made  level  stops  under  all  conditions.  This,  together  with  the  evident  ad- 
vantage, practical  in  many  instances,  of  eliminating  the  car  operator  through  using  the  special  form  of  automatie 
control  previously  described,  brought  about  the  development  of  the  micro-levelling  type  of  elevator.  The  action 
of  this  is  so  sure  and  accurate  as  to  have  resulted  in  its  installation  both  with  automatic  control  and  as  well  in 
many  important  plants  where  switch  control  by  an  operator  has  been  deemed  advisable. 

The  micro-levelling  machine  in  reality  consists  virtually  of  two  complete  machines  and  controllers.  The 
motors  and  mechanical  parts  are  entirely  separate,  and  the  two  controllers  are  mounted  on  the  same  slate  paneL 
Fig.  10  illustrates  the  relative  positions  of  the  several  units. 

When  operating  at  speed  between  stops,  the  micro  units  do  not  function  in  any  way.     However,  either  throuith 
the  floor  controller  upon  approaching  a  landing,  when  automatic  control  ia  uaed,  or,  if  oar  switch  control,  when 
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tlw  iwitch  It  eentersd,  the  nuia  bnks  ij  applied  ftutomitieally,  ■topplui  Iha  ilaralor  and  fonuliic  at  Qis  nm* 
timo  a  ■ubatantial  soupi«  bctwwD  th>  main  motor  itaaft  and  tlia  micro  csr  ihift.  II  tlia  main  tnake  ha*  tailid 
to  itop  tfa«  ear  lerel  vitb  tba  laniliiiz,  the  micro  motor  la  «ntrgli*d  tbrousb  tha  actloo  of  a  airitch  moontsd  on  tl» 
ear  and  operated  by  ami  norrsapondiDa  to  the  floora.  With  tha  eneriiiini  ot  the  micro  motor  tho  micro  brake 
ia  lift«d  and  the  elevator  is  driven,  through  both  gear  reductiona,  the  reraaining  fev  inebea  to  the  floor  level,  fa 
the  Ipeed  hai  bFen  redunod  by  the  micro  lear  to  a  tew  feet  per  minute,  the  final  atop  by  meau  ot  the  mierg 
brake  ia  ane  of  great  accuracy.  The  micro  brake  becama  the  final  or  botdiag  brake.  The  main  bmke,  or  clutch. 
which  connectfl  the  two  machiaea,  ie  held  normally  in  the  oonnecling  poaition  by  powerful  compreaeed  Iprinv, 

b  fuactioniag.  The  tranaitioa  from  the  maio  to  tbe  mieio  drive  i>  eo  emoothly  and  continuoualy  performed  that 
there  ia  no  perceptible  interval  of  reat  between,  white  the  diitance  travelled  on  the  mleto  ia  »  ehort  aa  to  add  do 

With  the  micro,  the  car  will  not  atop  thorl  of  the  landing,  and  abould  it  for  any  reaaon  run  by  the  1b~1I-<i 
the  mirro  unit  will  automatically  etop.  reverae  and  bring  the  car  back.  Should  the  UfUog  cabin  atretoh  during 
tho  placing  ot  a  heavy  load,  ot  when  the  front  wheel,  ot  a  heavy  truck  go  on  the  platform  and  before  the  mr  whaeb 

The  levelling  awitch  ia  one  ot  the  moat  imporlacl  parts  ot  the  conirollins  appamtua,  a*  upon  it  depecda  to  a 
great  eitcnt  the  accuracy  ot  stopping.  It  ooniiace  of  four  aets  of  contacts,  two  of  which  control  the  micro  motor  in 
one  direction  of  car  travel  and  two  in  the  other  direction.  Theee  cootacta  are  operated  by  cam*  permanently 
lafltcned  in  the  hoLstway,  there  being  at  each  etoppiog  level  one  earn  operating  the  up  contacts  and  another  lor 

are  Interrupted  by  the  levelling  awitch. 

It  will  be  aeen  by  reference  to  the  diacram  that  the  main  brake  inatead  of  bei 
and  gear  boasinc,  as  with  tbe  other  type  ot  machine,  is  placed  in  front  of  the  mc 

gear  abaft  and  acta  on  a  pulley  keyed  to  the  m^n  motor  abaft. 

Under  conditiona  which  will  permit,  this  type  of  elevator  will  csm 
taeitra  c^t  in  two  yean  through  elimination  of  an  operator's  wage,  and 
:he  aame  aaving  will  pay  tor  the  whole  elevator  in  a  comparatiTely  few 

While  primarily  put  out  lor  freiaht  work,  the  unfailing  facility  and 
irecieion  of  stops  in  auch  service  have  led  to  the  development  o[  a  nil<n>- 
cTelling  learlcss  traction  elevator,  which  ia  being  very  generally  adoptad 
or  highspeed  pusengerservice  in  important  offio*  buildings,  hotels,  and 
lepartment  stores,  in  connection  with  car  switch  control.  At  tbe  ear 
[ate  may  be  opened  while  the  car  ia  "microing"  no  time  is  lost,  while  ths 
I  jttiou  nelBr  increased  safety  and  feeling  of  security  for  tbe  passenger,  who  doia  not 
have  to  "  watch  hit  step. "  are  vital  idvaotaKea,  aside  from  tha  actual 
tarnna  in  time  aa  compared  with  the  non-microing  elevator  in  tha  hands 
,,        -^i       I  of  a  careless  or  unskilled  operator. 

P,g  JO  6.  EscAlators    and  Inclined  Elevators. — The  elevator 

gtory  is  not  complete  without  a  rciereooe  to  the  inclined 
elevator  as  distinct  from  the  vertical  type. 

The  mcalaifir  is  virtually  a  moving  stairway,  and  at  reet  has  the  appearance  of  one,  as  well 
as  the  utility.  In  service  the  passengers  ride  on  the  steps  and  the  direction  of  morement  tnay  be 
either  up  or  down,  the  motor  being  reversible  and  the  mechanit»l  design  accomodating  itself 
to  either  motion.  As  the  treads  reach  the  travel  terminal. they  disappear  under  the  floor,  when 
they  turn  and  traverse  the  revetse  trip  directly  underneath  the  service  section,  in  the  manner 
of  an  endless  belt. 

The  single  file  escalator,  24-in.  tread,  will  handle  5SO0  passengers  an  hotir,  and  the  double 
file,  48-in.  tread,  will  carry  11,000.  The  field  of  service  includes  department  stores,  theatres, 
amusement  parks,  railway  terminals,  subway  and  elevated  railway  stations,  etc.  In  addition, 
it  is  being  used  with  great  success  to  handle  the  incoming  and  outgoing  operators  in  a  number 
of  large  textile  and  ether  mills,  thereby  conserving  their  energy  for  useful  work. 

The  indii«i  elevator  works  on  the  same  principle,  usii^  a  eoDticuous  flexible  aleat«d  plat- 
form, instead  of  steps.  It  is  adaptable  either  for  passenger  or  truck  freight  service.  For 
freight  work,  projecting  iron  lugs  are  provided  on  each  side,  risingjust  far  enouf;habove  the  plat- 
form to  engage  other  lugs  bolted  to  the  truck  Irattoms.  The  truck  attendant  rides  behind  the 
truck.  Tliis  type  is  used  in  department  stores,  warehouses,  etc.,  for  comparatively  short  rises. 
These  incliaea  are  all  reversible.     The  angle  of  incline  is  25  deg. 

A  modiflcation  ol  Una  type,  known  ta  the  incliud  ilaet  sttsotor,  employs  a  Sied  ramp,  with  a  central  endleaa 
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&nto  walk,  and  if  tho  truck  ba  of  the  two-wheeled  variety,  tupport  the  handles  as  In  ordinary  Mrvioe.    The  most 
common  service  employs  a  two-speed  motor,  giving  123  to  250  ft.  per  min.  according  to  the  service  requirements. 
The  dock  type  is  so  mounted  that  the  ramp  may  be  raised  or  lowered  to  accommodate  variation  of  water  and 
deck  levels. 

7.  Gravity  Spiral  Conveyors. — Gravity  spiral  conveyors  can  be  used  advantageously  in 
many  cases  to  deliver  package  goods  by  gravity  from  upper  to  lower  levels.  They  can  be  made 
to  handle  anything  from  the  smallest  paper  carton  up  to  6  or  S-f  t.  cases  weighing  several  hundred 
pounds,  and  in  many  cases  are  built  with  several  blades  or  spirals  for  connecting  different  levels. 

8.  Layout  Features. — All  electric  freight  elevator  machines  are  preferably  located  over  the 
hoistway.  The  resulting  rope  leads  are  better,  giving  longer  rope  life  and  greater  efficiency,  and 
as  a  general  rule  the  load  on  the  building  will  be  less  than  with  the  machine  below.  With  the 
machine  below,  its  weight  is  of  course  taken  off  the  structure,  but  to  the  suspended  weight  must 
be  added  the  equivalent  (^own  pvU  on  the  ropes  on  the  machine  side  of  the  overhead  work.  This 
pull  is  usually  materially  greater  than  the  weight  of  the  machine.  The  following  formulas  give 
the  resultant  building  loads: 

With  machine  above,  Load  =  2  X  car  weight  plus  1.4  X  load  in  car  plus  weight  of  machine. 
With  machine  below.  Load  »  4  X  car  weight  plus  2.8  X  load  in  car. 

Furthermore,  with  the  machine  below,  the  load  imposed  overhead  is  all  live  load  and  it  is  general 
practice  to  double  this  for  impact,  whereas  with  the  machine  above,  only  the  suspended  load  is 
live  load.  Further,  the  total  overhead  height  required  for  the  overhead  machine  is  only  from 
3  to  4  ft.  more  than  for  the  basement  installation,  entailing  but  little  additional  cost,  whereas  the 
basement  location  requires  a  separate  fireproof  room  for  the  machine,  the  cost  of  which,  and 
space  required,  are  both  considerable  items. 

Direct-current  passenger  elevator  machines  also  should  be  located  overhead,  excepting 
for  private  residences,  when  they  should  go  in  the  basement,  on  masonry  foundations. 

Li  the  case  of  alternating-current  passenger  elevators,  each  proposed  installation  must  be 
carefully  considered  by  itself.  The  insistent  hum  peculiar  to  alternating-current  apparatus 
can  be  the  source  of  much  annoyance,  and  as  the  building  acoustics  may  aggravate  this,  the  pro- 
priety of  locating  alternating-current  machines  overhead  in  hospitals,  apartments,  and  hotels 
is  questionable.  So-called  soundproof  or  sound  insulating  platforms  below  the  machines  may  or 
may  not  be  effective.  What  gives  satisfactory  results  in  one  building  may  fail  entirely  in  another 
in  this  respect,  due  to  structural  conditions. 

Belted  machines  are  almost  invariably  hung  from  one  of  the  ceilings  most  convenient  to  the 
line  shaft  drive. 

Excluding  the  sidewalk  or  winch  type,  the  gearing  for  the  hand  elevator  is  always  located 
overhead. 

It  is  impossible  to  give  here  any  method  for  determining  penthouse  area,  as  the  sise  of  machine,  sise  and  shape 
of  car,  location  of  car  entrances  and  placing  of  counterweight  are  all  determining  factors.  For  general  approxima- 
tions, the  only  safe  practice  is  to  assume  a  considerable  extension  of  the  penthouse  beyond  the  hatchway  lines  on 
one  side,  and  excepting  in  the  case  of  cars  10  ft.  deep  or  over,  an  extension  on  one  end  as  well,  although  with  many 
large  freight  elevators  the  penthouses  need  be  no  larger  than  the  hatchways.  Do  not  attempt  to  fix  penthouse 
dimensions  with  finality,  or  the  door  location  in  same,  without  competent  expert  advice. 

The  elevation  of  the  machine  supports  above  the  top  landing  floor  for  ordinary  freight  and  medium  sx>eed 
passenger  elevators,  is  fixed  as  follows: 

Height  of  car  top,  plus  1  ft.  for  freight  or  IH  ft.  for  passenger  cars,  plus  legal  run-by  clearance,  varying  from 
2  to  4  ft.,  plus  an  additional  2  ft.  for  underhung  deflecting  sheaves,  which  may  or  may  not  be  required. 

The  clear  height  above  machine  supports  should  be  not  less  than  7  ft.  for  the  same  class  of  elevators. 

All  of  the  above  figures  represent  general  practice  throughout  the  United  States.  They  should  in  all  eases 
be  checked  against  controlling  regulation. 

For  high  speed  elevators,  the  run-by  elearanoe  may  have  to  be  as  much  as  7  ft.,  and  with  the  gearlcss  traction 
elevator  the  total  height  above  the  top  landing  should  be  about  33  ft.  6  in.,  10  ft.  6  in.  of  which  should  be  above 
the  main  machine  supports. 

Elevator  pit  depths  are  in  most  localities  a  matter  of  legal  requirement,  varying  from  approximately  4  ft 
for  medium  speeds,  up  to  12  ft.  for  high  speed  gearless  traction  elevators  using  terminal  oil  buffers.  Hatchway 
walls  should  be  reasonably  plumb.  Any  offsets  reduce  the  car  sise  and  waste  the  extra  elearanoe  occurring  above 
the  offsets.  Door  or  gate  sills  should  be  set  exactly  plumb  in  order  that  there  may  be  no  exoesaive  dearanoe  b*> 
tween  the  car  and  any  sill. 
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ent  of  the  platfonu  framing  and  on  which  the  platform  should  be  supported.  In  brief,  the  car 
frame  should  be  a  complete  steel  rectangle,  with  the  safety  carrying  structure  as  the  bottom  mem* 
ber,  and  the  steel  crosshead,  to  which  the  cables  are  attached,  as  the  upper  member,  with 
vertical  connections  or  stiles  consisting  of  steel  channels.  In  heavy  work  these  stiles  should  be  of 
extra  heavy  section,  or  reinforced  with  angles  bolted  to  the  channel  jQanges. 


A  special  type  of  car  frame  (/locUtna  aiMpeimon)  hat  been  deviled  for  very  Ions  platfonnst  at  uaed  for  the  larsett 
motor  trucks  and  some  special  services.  The  design  it  calculated  to  relieve  the  car  frame,  platform,  and  rail 
fastenings  of  the  ezceseive  racking  strains  due  to  the  impacts  from  heavy  loads  occurring  far  out  from  the  guides, 
which  strains  are  aggravated  in  the  event  of  the  car  platform  being  stopped  below  the  landing  level.  In  this  design 
there  are  two  secondary  croesheads,  one  near  either  end  of  the  platform.  From  each  of  these,  eablee  lead  to  an 
independent  or  car  coimtcrbalanoe.  At  the  platform  depresses  with  the  first  load  impact  on  its  extreme  end,  the 
entire  weight  of  this  independent  counterbalance  is  taken  on  the  set  of  cables  leading  to  the  corresponding  crott- 
head,  thereby  relieving  the  car  frame,  etc.,  accordingly.  As  the  load  centers,  the  other  set  of  cablet  gradually 
assumes  a  share  of  the  weight  of  the  counterbalance,  until  the 

two  sets  of  cables  are  in  equal  tension  and  the  car  frame  and       »»„.,  ^.  ^_  ..^     ^  _ 

platform  are  in  balance.  No  equahsers  should  be  used  with,  j^bng  andeapaafitB.  ftdryindMdUe^cmtfcan 
these  counterbalance  ropes.  The  main  or  lifting  ropes  hitch,  as  tt  ftgurwdrnorw  chstfy  mhtn  gt/conaUfium  an 
usual,  to  the  central  or  guided  crosshead,  and  the  car  safety  it  ^trvminmj. 
located  below  the  center  of  the  platform.  There  it  only  one  set 
of  car  guides,  centrally  placed,   and  one  set  of  ear  safety  grips 

10.  Elevator  Service. — The  vital  part  that 
elevator  service  plays  not  only  in  the  individual 
building,  but  in  the  daily  life  of  the  large  city  cannot 
better  be  brought  out  and  emphasized  than  by  setting 
forth  the  fact  that  on  the  island  of  Manhattan  alone 
the  10,000  passenger  elevators  exclusive  of  residence 
installations,  average  over  100,000  miles  of  car  travel 
per  day,  and  handle  about  10,000,000  people,  or  twice 
the  number  that  all  of  the  elevated  railway,  surface, 
and  subway  lines  for  all  five  New  York  City  boroughs 
carry  in  2i  hr. 
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The  measure  of  occupational  or  rental  value  off  all  buUding 
floor  space  lies  in  its  immediate  adaptability  to  the  required 
purpose  and  in  its  accessibility,  either  for  merchandise  or  people. 
Immediately  the  provision  of  floor  space  above  or  below  street 
grade  is  contemplated,  the  question  of  accessibility  becomes  in 
part  at  least  a  matter  of  vertical  transportation.  From  this  it 
follows  that  the  means  of  such  vertical  transportation  must  be 
studied  as  one  of  the  vitally  important  elements  in  the  tucoessful 
exploiting  of  the  property. 

In  a  work  of  this  character  it  is  practical  to  give  only  an  out- 
line of  the  salient  items  to  be  considered  in  studying  any  elevator 
service  problem.     Every  case  will  have  its  individual  features 

and  setting  which  will  have  strong  bearing  on  the  solution  of  that  particular  problem,  and  the  cooperation  of  the 
capable  and  experienced  exi>crt  in  elevatof  tcrvice,  if  one  it  available,  ihould  be  obtained. 

10a.  Freight  Service. — Intelligent  consideration  of  the  subject  in  any  given 
case  demands  that  first  a  careful  analysis  be  made  of  the  transportating  requirements.  First 
must  be  determined  how  many  tons  of  goods  must  be  handled  in  the  busiest  period,  and  what 
will  be  the  length  of  that  period.  What  will  be  the  largest  bulk  to  be  transported  as  a  unit,  is 
the  next  question,  as  well  as  how  the  major  portion  of  the  goods  will  be  carried;  i.e.,  in  individual 
units  by  hand,  or  on  two  or  four  wheeled  trucks,  together  with  the  size  and  weight  of  the  trucks 
considered. 

If  a  comparatively  small  quantity  only  of  goods  must  be  handled,  and  that  under  conditions 
which  do  not  render  it  necessary  to  consider  time  of  any  particular  value,  but  little  thought 
may  be  required  to  properly  conclude  that  one  elevator  will  meet  all  requirements.  In  this 
event,  the  size  of  the  platform  and  the  load  capacity  are  governed  entirely  by  the  bulk  and 
weight  of  the  goods  and  their  carriers — that  is,  baskets,  trucks,  wheeled  binsy  eta — and  provision 
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for  the  operator  and  any  others  who  perhaps  must  accompany  the  goods.  The  oar  speed  may  be 
slow,  for  it  is  quite-  certain  that  no  such  leisurely  condition  will  obtain  in  any  but  a  small  build- 
ing of  few  stories. 

A  little  more  active  service  will  require  consideration  as  to  the  comparative  merits,  under  the 
given  circumstances,  of  a  single  larger  and  faster  elevator,  or  two,  each  of  lesser  speed  and 
capacity,  but  when  combined  capable  of  giving  materially  more  than  double  the  capacity  of 
one  alone,  for  in  all  probability  workmen  and  others  apart  from  those  immediately  concerned 
with  the  elevator  will  be  retarded  or  speeded  in  their  tasks  according  to  the  character  of  the  ele- 
vator service. 

The  same  reasoning  applies  with  a  still  further  increase  in  service  requirements.  Shall  it 
be  three  large  capacity  elevators,  or  four,  or  even  five  smaller  ones?  And  if  the  latter,  need  they 
have  minimum,  medium,  or  maximmn  freight  type  speed? 

One  elevator,  of  even  medium  size,  conceivably  may  give  adequate  tonnage  capacity,  but 
due  to  excessive  loading  and  xmloading  time  for  the  huLk  of  the  goods  carried,  the  period  between 
trips  may  be  so  long  as  to  unduly  handicap  those  charged  with  and  dependent  upon  their  trans* 
portation,  while  the  miaceUaneous  service  also  must  be  considered.  The  introduction  of  the 
second  elevator  cuts  this  between  trip  period,  or  waiting  interval,  to  less  than  half,  for  the 
loading  and  unloading  time  for  each  elevator,  on  account  of  the  lesser  loads,  will  be  reduced,  and 
the  round  trip  time  of  the  smaller  elevator  will  be  less  than  for  the  large  one  at  the  same  car  speed. 

As  the  running  time  for  the  car,  plus  the  loading  and  unloading  time,  including  the  hoist- 
way  door  or  gate  time,  or,  in  brief,  the  round  trip  time,  divided  by  the  number  of  elevators, 
gives  the  interval  between  departing  cars,  it  follows  that  the  number  of  elevators  is  a  function 
not  only  of  tonnage  capacity,  but  of  permissible  or  practical  waiting  interval,  and  this  also  must 
be  considered  in  studying  the  individual  elevator  problem. 

It  should  be  clear,  also,  from  the  above,  that  under  conditions  of  active  service,  mn.'rifinqm 
results  are  obtained  with  the  minimum  number  of  elevators  by  locating  the  elevators  in  a  single 
group,  rather  than  by  attempting  to  favor  different  sections  by  separating  the  elevator  units. 
With  very  large  floor  areas  to  be  served,  it  may  be  found  advisable  to  use  two  or  more  central 
groups. 

If  it  can  be  arranged  to  handle  the  goods  on  four-wheel  trucks,  the  round  trip  time  will  be  materially  reduoed 
through  the  resultant  shortening  of  the  loading  and  unloading  time,  and  the  minimum  number  of  elevatorB  will 
be  made  possible.  Under  this  condition  the  car  platforms  can  be  made  suitable  in  sise  lot  one,  two,  or  four  tmoks, 
and  if  the  service  will  be  active,  by  all  means  provide  opposite  openings  on  the  cars,  and  traffic  lanes  on  the  floors, 
so  that  as  one  set  of  trucks  goes  off  through  one  opening,  another  waiting  set  may  com*e  on  through  tho  othtf , 
without  interference. 

In  the  largest  freight  and  terminal  warehouses,  goods  are  handled  on  trucks  as  above  suggested,  and  when 
diBtanc(«  to  and  from  the  elevators  are  considerable,  these  trucks  are  made  up  into  trains  of  from  six  to  ten  and 
hauled  by  small  tractors.  The  tractors  are  rarely  taken  off  their  respective  floors,  greater  profitable  activity 
being  maintained  by  keeping  them  off  the  elevators.  Usually  it  works  out  that  the  greatest  horisontal  activity 
occurs  on  one  or  two  levels,  and  being  split  up  for  the  upper  floors,  is  materially  lighter  there.  Then  if  the  horisontal 
runs  do  not  exceed  a  maximum  of  80  to  100  ft.,  the  goods  truck  can  be  hauled  advantageously  by  hand  on  the  upper 
levels. 

It  is  in  service  of  this  character,  where  heavily  loaded  industrial  trucks  are  used,  that  the  micro  levdUing  aquip- 
ment  has  its  greatest  value  for  freight  work.  It  facilitates  the  on  and  off  truck  movement,  thereby  shortening 
the  round  trip  time,  and  saves  the  car  frame,  platform,  and  guide  fastenings  from  the  excessive  racking 
which  would  result,  without  the  levelling  device,  from  the  impact  of  truck  wheels  dropping  considerable  distances 
from  landings  to  the  level  of  which  the  operator  may  have  failed  to  bring  the  car  platform. 

Excepting  for  considerable  rises,  car  speed  is  not  a  very  large  factor  in  the  round  trip  time  of  a  freight  elerator. 
Speed  suggestions  are  covered  in  Table  2  but  in  general,  each  case  should  be  studied  on  the  basis  of  two  or  mors 
hypothetical  speeds  to  determine  the  most  advantageous  one.  Will  an  increase  of  50  ft.  per  min.  over  a  given 
speed  result  in  sufficient  additional  round  trips  per  minute  on  the  part  of  each  elevator  to  permit  of  the  installa- 
tion of  one  less  in  number?  Or  by  retaining  the  same  number,  but  at  the  higher  speed,  will  the  service  be  so  muoh 
better  that  the  saving  in  time  of  men  and  tools  dependent  upon  elevator  service  will  more  tnan  carry  the  intscssi 
and  sinking  fimd  on  the  increased  investment? 

To  get  the  round  trip  time,  fiinire  twice  the  elevator  rise,  at  the  rated  speed  if  not  over  160  ft.  per  min.,  add 
about  10  sec.  for  each  stop  including  the  top  and  bottom  landings  served,  plus  the  unloading  and  loading  time  at 
that  landing.  The  load  time,  in  or  out,  will  vary  from  a  minimum  avtrags  of  one  second  each  toay  for  a  person 
to  five  seconds  for  a  small  truck  and  seven  to  ten  for  a  larga  loaded  truck.  Qoods  not  on  trucks  will  take  Biott 
ilm$,  aooording  to  bulk  and  weight. 
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Table  2. — Speed  Suooestionb  fob  Passenoeb  Sebvicb 


Tjrpe  of  bxiilding  or  service 


Tjrpe  of  elevator 


Floors 


Worm  geared 


1  :  1  roping 


Speed  F.  P.  M. 


G  earless  traction 


2  :  1  roping 


Speed  F.  P.  M. 


1  :  1  roping 


Speed  F.  P.  M. 


Residence 

Apartments — Middle  cli 

Apartments — High  class 

Apartments — High  class 

Apartments — Hotel — Middle  class 
Apartments — Hotel — High  olaes. . 
Apartments — Hotel — High  olaes. . 

Hotels — Small — Commercial 

Hotels — Small — Commercial 

Hotels — ^Large — Commercial 

Hotels — ^Large — Select 

Stores— Small  city 

Stores — ^Large  city 

Office — Small  dty 

Office — Large  city 

Office — ^Large  city 

Loft  buildings 

Loft  buildings 


8 
Overs 

8 
Over  8 

8 
Over  8 


10 
12 
10 
10 
Over  10 


100 
200-250 
250-350 

300 
250-350 

350 

•  • 

250-350 
350 


200-300 
200-350 

350 

350 

«  • 

200-300 
350 


350-150 

350-450 
350-450 

350-450 
350-450 


300-400 
350-450 

•  • 

350-450 


600 


500-600 


500-600 
500-600 


500-600 
600-700 

500-600 


What  seems  to  be  a  natural  tendency  to  make  elevators  unduly  large  should  be  guarded  against.  It  wastes 
IX>wer  to  haul  an  unnecessarily  large  car  and  a  corresponding  counterweight,  back  and  forth,  in  addition  to  the 
^oas  from  tying  up  excessive  capital.  It  should  be  borne  in  mind  that  in  specifying  a  capacity,  the  purchaser 
loes  not  have  to  make  allowance  for  the  weight  of  the  oar  as  it  is  universally  understood  that  the  speeified  or 
luty  load  is  net.  Also,  if  a  reputable  and  capable  builder  is  dealt  with,  the  purchaser  does  not  need  to  provide 
iny  safety  margin,  as  the  builder  will  see  to  it,  for  the  sake  of  his  own  reputation,  that  the  safety  factors  through- 
3ut  are  ample,  although  one  builder  may  go  farther  than  another  in  that  direction. 

Neither  is  it  good  business  to  provide  an  excess  capacity  in  order  to  be  able,  on  rare  oceaaionat  to  handle  tome 
beavy  piece  of  machinery.  Better  to  get  an  elevator  suitable  for  the  normal  service  of  the  plant,  and  either  dia- 
mantle  any  heavy  machinery  which  must  be  handled  thereon,  if  only  very  occasionally,  or  even  to  rig  a  bloek  and 
fall  for  it. 

The  average  freight  elevator  capacity  is  equal  to  a  rate  of  75  lb.  per  aq.  ft.  loading  for  the  platform  area,  and 
only  under  exceptional  conditions  which  are  fixed  with  a  fair  degree  of  certainty  for  a  very  considerable  time* 
IS  in  incandescent  lamp  storage  houses  and  other  places  where  the  goods  are  unusually  light  for  their  bulk,  should 
the  capacity  be  less  than  for  a  60-lb.  rating.  Even  though  40  lb.  might  serve  the  tenant's  actual  requirements, 
uid  his  reason  for  wanting  a  large  car  be  a  good  one,  there  is  no  sure  means  of  preventing  some  one  with  poor  judg- 
ment from  grossly  overloading  when,  figuratively  speaking,  the  chiefs  back  b  turned.  Further,  today's  tenant, 
ft  paper  box  dealer,  may  be  replaced  tomorrow  by  one  who  handles  merchandise  of  more  normal  weight.  From 
khis  it  would  seem  prudent  to  provide  at  all  times  for  at  least  normal  or  average  service. 

For  industrial  service  of  a  heavy  character,  capacities  should  be  figured  on  the  basis  of  approximately  100  lb. 
;>er  sq.  ft.  of  car  area. 

106.  speed  of  Freight  Elevators. — Freight  elevators  now  installed  fall  in  two 
classes;  viz.,  those  with  a  rise  of  three  stories  or  less,  having  an  average  speed  of  50  ft.  per 
[nin.,  and  those  having  an  average  rise  of  five  stories  and  travelling  100  ft.  per  min.  If  the 
ictual  car  running  time  forms  a  considerable  proportion  of  the  total  round  trip  time,  includ- 
Jig  the  time  for  loading,  speed  is  of  more  importance  and  should  get  greater  consideration 
than  where  any  practical  increase  would  make  but  a  comparatively  small  percentage  of  change 
in  the  total  period.  In  a  general  way  the  following  speed  figures  apply.  It  is  doubtful  if  as 
low  a  speed  as  50  ft.  per  min.  or  half  a  mile  an  hour,  is  good  practice  for  more  than  one 
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story  rise,  unless  very  heavy  loads  are  to  be  lifted,  and  then  only  occasionany,  and  tot 
three  stories  it  should  be  at  least  75  ft.  per  min.  100  ft.  per  min.  is  a  fair  speed  for  from 
four  to  six  stories,  in  the  ordinary  industrial  plant.  While  for  more  than  five  or  six  stories,  IfiO 
ft.  per  min.  has  been  considered  fair  practice,  many  of  the  more  modem  manufacturing  plants 
have  installed  as  high  as  450  ft.  per  min.  freight  elevators.  If  150  ft.  per  min.  or  over,  two 
speed  motors  should  be  used  to  facilitate  fair  stops.  As  pointed  out  elsewhere,  if  tnieka  are  to 
be  used  and  the  service  is  heavy,  it  is  good  economy  to  install  the  micro  levelling  type  of 
machine. 

10c.  Passenger  Service. — The  principles  involved  in  selecting  elevators  for 
passenger  service  in  different  classes  of  buildings  probably  are  best  brought  out  by  following 
them  through  for  a  large  office  building  development.  The  average  density  of  population  of 
the  general  run  of  business  buildings  of  the  office  type,  if  located  in  the  busy  section  of  large 
cities,  is  about  120  sq.  ft.  of  floor  area  for  each  occupant.  When  one  or  two  large  concerns 
occupy  a  whole  building,  the  population  is  quite  sure  to  be  more  dense,  running  in  some  instances 
as  high  as  one  person  to  every  80  ft.  of  floor  space.  In  the  absence  of  more  specific  data  for 
a  given  case,  unless  the  building  comes  within  the  last  suggested  class,  110  ft.  per  person  is  a 
fairly  safe  guide. 

Next  to  be  considered  is  the  rate  of  traffic  flow  at  the  busiest  time  of  the  day.  Probably 
the  peak  periods  are  in  the  morning,  at  lunch  time,  and  around  five  o'clock,  and  in  the  busiest 
buildings  where  tests  have  been  made,  the  rate  has  been  found  to  be  such  as  to  include  the 
equivalent  of  the  entire  building  population  in  45  min.  In  other  active  buildings  it  has  run 
from  50  to  60  min.,  which  is  aldo  the  period  for  the  busy  hotel.  This  is  called  the  transportation 
period.  In  office  buildings  the  actusJ  period  of  greatest  rush  is  from  15  to  20  min.,  during  which 
time  a  number  equal  to  one-third  the  building  population  is  handled.  With  these  figures, 
the  probable  rate  of  passenger  traffic  can  be  predetermined. 

The  next  questions  is  that  of  proper  interval  between  departing  cars.  Thirty  seconds  seems 
to  be  the  maximum  which  can  be  considered  as  satisfactory  service  for  an  important  building 
in  a  metropolitan  city,  and  is  as  long  as  a  busy  man  will  wait  contentedly  after  having  just 
missed  one  car.     In  the  best  buildings  the  service  is  based  upon  intervals  of  from  25  to  27  sec. 

The  product  of  building  population  times  interval,  divided  by  the  transportation  period, 

gives  the  number  of  passengers  which  each  car  must  carry  in  order  to  handle  the  people  in  the 

given  time,  or 

Population  X  interval  l     x    v  •  j       v  x  • 

=H- 7-7^ ^-j  "  number  to  be  earned  each  tnp 

Transportation  period 

If  this  formula  gives  a  normal  passenger  capacity  of  more  than  15,  the  assumed  interval  should 
be  reduced,  resulting  in  more  and  consequently  smaller  cars. 

During  the  rush  period,  traffic  is  practically  all  in  ono  direction,  and  stops  for  that  direction  will  be  mada  at 
most  of  the  floors  and  at  none  on  the  return.  This  is  if  the  cars  are  all  runnng  local  for  the  full  height  of  ths 
building,  and  with  this  condition  the  average  ear  speed  for  one  direction  will  be  about  one-half  of  the  rated  apted, 
and  ful  speed  in  the  other  direction,  or  about  two- thirds  the  rated  speed  as  the  average  for  the  round  tripw  Add 
to  the  running  time  thus  obtained  10  sec.  for  terminal  slow  downs  and  svnchroniting  with  the  other  oars  in  the 
group,  5  sec.  for  each  landing,  including  the  first,  for  opening  and  closing  the  hoistway  doors,  and  3  see.  more  eadi 
time  if  there  is  a  car  gate  and  it  must  be  closed  before  the  car  will  start,  and  2  sec.  for  each  passenger  carried,  as 
the  total  for  getting  on  and  off,  and  the  total  round  trip  time  is  obtained.  This  divided  by  the  interral  will  givs 
the  minimum  number  of  elevators  necessary  to  maintain  the  schedule. 

In  very  high  buildings,  it  is  usually  found  advantageous  to  divide  the  elevators  into  two  groups  or  mors, 
one  group  (in  the  case  of  two)  serving  all  floors  up  to  two  or  three  floors  above  the  middle,  and  another  group 
running  express  to  the  last  local  stop,  or  to  the  first  floor  above  it,  and  then  local  to  the  top.  The  diviaion  point 
should  be  such  as  to  result  in,  as  nearly  as  possible,  the  same  round  trip  time  for  each  group.  The  number  of  floors 
to  be  served  by  any  one  car  should  not  exceed  sixteen.  On  this  basis  of  locals  and  expresses,  each  group  mutt 
be  considered  alone  as  to  passenq^ers  to  be  carried,  interval,  etc.,  and  with  the  expresses,  the  average  speed  for  ths 
round  trip  will  be  greater  than  two-thirds  the  rated  speed,  as  a  greater  proportion  of  the  run  will  be  made  at  fall 
speed. 

If  one-third  the  round  trip  nm  is  made  as  a  local  at  half  speed,  and  two-thirds  as  express  at  full  speed*  the 
average  speed  is  derived  thus: 

H  of  distance  at  >(  speed  ■-  H  of  full  speed  time. 
H  of  distance  at  full  speed  -  H  of  full  speed  time. 
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The  turn  ii  >i  the  full  tpeod  timo,  tho  oqulTalent  of  whieh  Is  the  frftetioo  Inrerted.  or  H  toXL  ipeed  m  the 
round  trip  average. 

For  good  office  building  service  the  ear  should  not  hold  more  than  15  people  besides  the  operator,  based  upon 
2  sq.  ft.  of  dear  area  per  passenger,  and  adding  4  sq.  ft.  for  the  operator,  nor  should  it  hold  less  than  11  passengers, 
even  though  the  formula  for  capacity  might  indicate  less.  The  machine  should  have  a  minimum  capacity  of  75 
lb.  per  sq.  ft.  of  platform  area. 

In  the  largest  buildings,  each  group  of  elevators  is  stopped  off  at  the  topmost  floor  which  it  serves,  thus  keep' 
ing  the  cost  down  and  conserving  space  on  the  floors  above,  but  in  the  ordinary  building  it  is  wiser  to  nm  all  de- 
vators  through  to  the  top.  and  to  make  them  in  all  cases  as  nearly  uniform  as  possible. 

The  passenger  service  requirements  in  large  Erst^lass  hotels  is  quite  similar  to  that  in  office  buildings.  In 
the  smaller  office  buildings  and  hotels,  enough  elevators  to  give  service  on  a  30-eec.  schedule  at  all  times  are  seldom 
warranted  on  account  both  of  the  expense  and  space  requirements,  and  a  compromise  therefore  must  be  reached, 
bs9ed  upon  such  planning  as  to  sises  and  location  of  the  elevators  installed  as  to  insure  the  maximum  of  service 
from  them. 

In  the  larger  buildings  one  or  more  extra  elevators  should  be  provided  to  allow  for  shut  downs  to  make  ad- 
justments and  repairs,  and  one  or  more  should  be  adaptable  as  service  elevators  for  handling  freight,  etc.  Ash 
lifts  also  should  be  provided,  of  1000  to  1500  lb.  capacity  and  speed  about  20  ft.  per  min. 

For  hotels,  the  service  elevators,  for  handling  the  help,  carrying  up  meals,  etc.,  and  handling  freight,  etc., 
will  be  required  to  do  practically  as  much  as  the  passenger  elevators,  and  they  cannot  be  slighted  excepting  at 
the  expense  of  service,  which  is  part  of  the  hotel's  stock  in  trade.  In  the  largest  hotels,  elevators  are  set  apart 
especially  for  freight  service,  and  the  service  or  employees'  elevators  are  ss  large  and  fast,  practically,  as  the  guest 
elevators.     Separate  kitchen  lifts,  ash  hoists,  and  ball  and  banquet  room  elevators  are  often  provided. 

Care  should  be  taken  to  so  locate  hotel  elevators  as  to  be  readily  accessible  and  yet  so  that  the  passenger 
traffic  shall  not  interfere  with  the  other  business  of  the  lobby.  Keep  the  guest  elevators  and  the  service  elevators 
together  in  their  respective  groups.  Unless  more  than  six,  they  should  be  arranged  side  by  side  rather  than  on 
opposite  sides  of  a  corridor  or  alcove  as  is  sometimes  done.     This  last  applies  as  well  also  to  office  building  elevators. 

lOd,  Speed  of  Passenger  and  Service  Elevators. — ^Passenger  and  service  ele- 
vators are  running  under  the  most  efficient  conditions  when  the  car  running  time  is  about  equal 
to  that  taken  for  opening  and  closing  the  doors  and  for  the  loading  and  unloading  of  passengers, 
and  this  occurs  when  the  car  carries  passengers  equal  in  number  to  ^{o  of  the  floors  above  the 
first  which  the  elevator  serves.  However,  it  is  not  practical  to  limit  the  car  area  to  this 
rating. 

Table  2  gives  a  fair  idea  of  suitable  speeds  for  buildings  of  different  classes  and  heights. 
It  may  be  argued  that  even  with  fairly  high  rises,  if  the  cars  must  stop  at  every  floor,  as  in  de- 
partment stores  for  example,  speed  is  unimportant.  Within  limits,  however,  this  is  not  true, 
for  an  elevator  capable  of  high  speed  will  accelerate  to  medium  speed  appreciably  quicker 
than  a  medium  speed  elevator  will  acquire  its  maximum,  and,  therefore,  the  full  run  will  be 
made  more  quickly. 

The  department  store  probably  advantageously  uses  a  wider  range  of  elevator  equipment  than  perhaps  any 
other  class  of  enterprise. 

first  and  most  important  are  the  passenger  elevators,  which  must  be  sufficient  in  number  to  give  a  normal 
interval  between  cars  as  previously  explained.  This  interval,  for  the  best  stores,  should  not  exceed  45  sec  Large 
cars  (50  to  55  sq.  ft.)  are  advantageous  in  the  handling  of  bargain  crowds,  etc.,  but  there  probably  b  no  question 
but  that  more  elevators  with  car  areas  approximating  40  sq.  ft.  will  give  more  satisfactory  service  in  the  long  run. 
The  policy  in  the  past  has  been  to  place  the  elevators  in  several  groups,  based  on  the  theory  of  affording  more  or 
less  special  service  for  the  several  major  sections  of  the  stores,  but  recent  experience  seems  to  point  to  the  advisa- 
bility of  concentrating  in  one  centrally  placed  group,  well  away  from  the  main  entrances. 

This  arrangement  will  insure  the  greatest  traverse  in  the  aggregate  of  floor  space  by  the  customers,  thereby 
bringing  more  counter  displays  to  their  attention,  and  it  is  obvious  that  the  interval  between  cars  will  be  reduced 
to  one-half  or  one-third  the  best  interval  under  the  group  arrangement.  Shortening  the  interval  reduces  conges- 
tion, whereas  increasing  car  sises,  by  lengthening  the  round  trip  time,  and,  therefore,  the  interval,  tends  to 
increase  congestion. 

Service  or  employees'  elevators  should  be  treated  on  the  same  general  principle  as  the  passenger  equipment, 
using  approximately  the  same  car  areas  and  speeds. 

Freight  elevators,  as  distinct  from  service  elevators,  should  be  considered  for  handling  the  more  bulky  goods, 
including  furniture,  wheeled  bins,  trucks,  baskets,  etc.  The  freight  speed  should  be  from  150  to  250  ft.  according 
to  building  height. 

The  passenger  elevator  service  can  be  rendered  much  more  efficient  by  eliminating  service  to  the  basement, 
and  where  this  can  be  practically  worked  out  by  using  escalators  or  fixed  stairways,  it  is  to  be  recommended. 

In  the  largest  modern  stores,  escalators  have  been  found  to  be  most  efficient  and  popular  adjuncts  to  the  ele- 
vators. In  addition  to  the  regular  passenger  service,  they  are  used  to  tiandle  the  bo^  of  the  employees  in  the 
periods  of  arrival  and  departure. 

Inclined  elevators  give  good  service  between  the  basement  and  the  street  level,  for  handling  the  store  trucks, 
etc. 
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The  tpirAl  conveyor  is  utuAlly  oonaidered  m  vay  important  part  of  the  traneportation  loheme  for  deBTCiiBi 
foodi  from  the  tales  floors  to  the  shipping  room  and  also  from  the  upper  stock  rooms  to  the  diiferaot  salea  floon. 
The  spiral  conveyors  from  the  sales  floors  are  usually  of  the  two  spiral  type,  one  spiral  being  for  C.  O.  D.  paekagv 
and  the  other  spiral  for  charge  packages.  The  spiral  eonveyors  for  the  stock  room  service  are  usuaUy  provided 
with  separate  spirals  for  each  sales  floor  and  if  such  floors  exceed  three  in  number,  an  additional  oonvqror  is  pre 
vidcd,  thus  affording  a  spiral  for  each  sales  floor.  At  each  of  these  floors  an  enclosure  with  a  desk  is  built  around 
the  outlet  of  the  conveyor  and  the  clerk  in  charge  is  responsible  for  all  goods  sent  down  that  particular  spiral  firom 
the  stock  room.  These  spiral  conveyors  are  usually  of  the  enclosed  type  and  for  this  service  are  generally  6  ft 
6  in.  to  8  ft.  6  in.  in  diameter 

If,  as  probable,  the  building  has  its  own  power  plant,  an  ash  hoist,  either  plxmger  or  electric,  should  be  installfd 
from  the  boiler  room  to  the  sidewalk.  ^ 

11.  Elevator  Motors. — A  direct  connected  electric  elevator  machine  should  be  equipped 
only  with  a  motor  designed  and  built  especially  for  elevator  service,  which  is  more  severe  than 
practically  any  other  excepting  street  car  service,  in  that  the  motor  must  accelerate  under  full 
load. 

Industrial  motors,  the  ratings  of  which  are  based  on  their  speed  torque  inasmuch  as  they 
acquire  speed  before  the  load  is  imposed,  are  rated  higher  than  elevator  motors,  whose  ratings 
are  based  on  their  starting  torque,  although  the  former  may  be  actually  capable  of  no  greater, 
if  as  great,  horsepower  output  in  elevator  service.  This  accounts  for  apparent  discrepancies 
between  statements  as  to  motor  sizes  made  by  different  elevator  manufacturers,  comparativdy 
few  of  whom  build  their  own  motors  or  controllers. 

The  starting  torque  must  be  unusually  high,  with  a  minimum  starting  current,  and  for  good 
control  the  speed  variation  between  no  load  and  full  load  also  must  be  minimized. 

A  minimum  power  consumption  is  partially  dependent  upon  a  minimum  heating  condition, 
which  cannot  be  obtained  from  an  industrial  motor  ''nducted  into  elevator  service. 

Long  armatures  or  rotors  of  minimum  diameter  should  be  used  in  order  to  keep  down  the 
kinetic  energy  of  the  revolving  parts,  which  varies  geometrically  with  the  radius  thereof. 

A  feature  of  the  gearlcss  traction  machine  lies  in  the  fact  that  with  the  slow  speed  motor  the 
efficiency  is  much  higher  with  quarter  and  half  load  than  in  the  case  of  the  high  speed  motor. 
Consequently,  as  most  elevator  service  is  performed  with  only  partial  loads,  power  consumption 
for  this  slow  speed  type  for  equal  service  is  materially  reduced. 

It  should  be  pointed  out  here  that  in  order  to  get  the  necessary  torque  with  slow  speed 
motors,  the  motor  frame  and  fields  are  practically  the  equivalent  of  those  which  would  be  used 
for  a  motor  having  4  or  5  times  the  rating,  although  the  power  consumption  with  the  slow  speed 
windings  is  materially  less  for  the  work  done  than  with  the  high  speed  motor  working  through 
a  worm  and  gear. 

Alternating-current  motors  of  both  the  slip  ring  or  external  resistance  tsrpe,  and  squirrel  cage  on  internal 
resiBtance  type  are  used.  While  each  typo  hss  its  peculiar  advantages,  the  slip  ring  has  been  the  more  universally 
used,  partially  on  account  of  having  a  lesser  starting  current,  and  partially  because  of  lesser  sx>eed  variation  under 
different  loads,  thus  facilitating  control. 

With  a-c.  motors  over  20  bp.,  it  is  preferable  that  only  600  r.p.m.  motors  be  used  in  order  to  keep  the  kinetic 
energy  of  the  motor  and  brake  coupling  as  low  as  possible,  while  for  smaller  motors  900  r.p.m.  may  be  used.  Al- 
though a  d-c.  motor  is  more  easily  stopped  as  thie  result  of  the  dynamic  braking  effect  resulting  from  '^•^'^"g  a 
generator  of  it,  only  for  3  to  5  hp.  should  the  speed  exceed  800  r.p.m. 

If  squirrel  cage  motors  are  contemplated,  ascertain  the  relation  of  starting  to  running  current,  and  get  the 
sanction  of  the  power  company,  based  upon  the  figiu-es  given.  An  excees  of  one  over  the  other  is  apt  to  overtax 
their  regulating  capacity. 

Single  phase  alternating  current  is  not  at  all  suitable  for  heavy  electric  elevator  service,  although  suceessful 
residence  and  other  light  service  installations  have  been  made  of  this  type.  Only  an  elevator  type  motor  should  be 
used  and  the  power  company  must  be  consulted  regarding  starting  and  running  current  figures,  before  commitment 

12.  Voltage. — 220  is  the  preferable  voltage,  110  requiring  too  much  copper  to  handle  the 
amperage  and  500  being  less  desirable  on  account  of  insulation  troubles.  500  volts  must  not 
be  run  for  the  push  button  circuits  in  connection  with  automatic  elevators,  on  acooimt  of  the 
fire  hazard.  Batteries,  which  are  not  altogether  sucoessful,  or  small  motor  generator  sets 
which  are  expensive,  must  be  used  to  obtain  the  proper  voltage  for  the  door  lock  and  button 
circuits,  if  only  a  500  volt  power  supply  can  be  had. 
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If  poBsible,  avoid  takinc  elerator  power  from  trolley  dreuite.  These  are  usually  000  volts  and  have  a  ground 
oonnectioD,  with  the  result  that  grounds  in  the  elevator  lines  are  difficult  to  control.  Also  the  voltage  usually 
fluctuates  excessively. 

It  is  vital  to  the  proper  functioning  of  the  controller  and  the  efficiency  of  the  machine  that  the  voltage  be 
maintained  as  nearly  constant  as  possible.  If  the  range  of  variation  exceeds  10%  above  or  below  normal  rated 
voltage,  special  potential  compensating  magnets  should  be  provided  on  the  controller. 

13.  Feed  Wires. — Feed  wires  should  be  run  in  conduit,  and  trouble  will  be  avoided  by 
permitting  no  dips  or  "  U  "  sections  in  which  water  can  collect  from  condensation.  A  fused  wall 
switch  should  be  placed  in  the  line  near  the  motor  or  controller,  so  that  the  entire  machine  may- 
be cut  off  from  power  when  being  worked  upon  or  when  not  in  use.  Some  local  regulations 
require  lightning  arresters  and  phase  reversal  switches,  as  well  as  a  fused  cut  out,  in  addition 
to  the  wall  switch,  and  at  the  meter  end  of  the  line.  Feed  wires  should  be  ample  in  size,  par- 
ticularly if  long,  so  that  the  drop  in  voltage  may  not  be  enough  to  reduce  the  motor  efficiency 
materially. 

14.  Horsepower. — The  following  is  a  rough  method  of  ascertaining  the  required  horsepower 
for  an  elevator  motor.  This  is  given  merely  as  an  aid  in  ascertaining  total  power  requirements 
for  a  given  building. 

Assuming  a  counterweight  overbalance  of  35  to  46%  of  the  rated  load,  the  net  horsepower 
output  required  of  the  elevator  motor  will  be  60  to  65  %  of  the  rated  load,  at  the  rated  speed. 
The  line  to  load  efficiency  of  a  worm  geared  machine  varies  from  45  to  55%,  and  of  a  gearless 
traction  from  65  to  75%.  For  this  purpose  use  45  and  65  as  maximum  figures  to  be  divided  into 
the  net  output  in  order  to  arrive  at  the  motor  sizes. 

16.  Elevator  Safeties. — Sidewalk  and  plunger  elevators,  as  well  as  carriage  and  automobile 
elevators  of  one  story  travel  and  having  their  platforms  suspended  from  each  of  the  four  comers, 
are  installed  without  guide  grip  safeties.    All  others  should  be  equipped  with  such  safeties. 

All  safeties  should  be  designed  to  grip  the  two  aides  of  the  rails,  in  order  to  avoid  as  far  as 
possible  the  spreading  action  which  results  from  engaging  the  face  of  the  rail.  All  safeties  should 
be  mounted  underneath  the  car,  as  ex^dained  in  the  reference  to  car  frames. 

The  broken  rope  safety,  one  of  the  earliest  types,  operates  only  when  the  lifting  ropes  break, 
normally  the  pull  of  the  ropes  keeping  it  from  going  into  service.  This  type  is  suitable  only  for 
low  speeds  and  rises,  and  unimportant  service  with  wood  car  guides. 

Governor  actuated  safeties  operate  when  the  governor  trips  as  the  result  of  excessive  down 
speed.  Governors  are  set  for  speeds  sufficiently  in  excess  of  the  rated  car  speed  to  prevent  an- 
noyance from  frequent  operation  in  regular  service,  and  governor  and  safety  parts  should 
be  examined  frequently  to  insure  their  being  kept  in  free  working  condition. 

There  are  two  types  of  safeties  in  this  class  ifutantaneou*  and  arctdttal  atop.  The  first  is  used  only  with  steel 
guide  rails.  With  the  tripping  of  the  governor  a  corrugated  steel  roll,  which  is  carried  in  a  wedge  shaped  pocket 
in  a  steel  safety  shoe  located  just  below  the  platform  and  one  on  each  rail,  is  lifted  to  a  point  where  the  converging 
wall  of  the  pocket  forces  it  to  engage  the  rail.  As  the  other  side  of  the  shoe  is  against  the  opposite  side  of  the  rail, 
the  roll  jams  on  the  rail  and  the  car  stops  without  any  slide.  This  type  should  never  be  used  for  more  than  150 
ft.  car  s];>ecd,  on  account  of  the  shock  from  the  abrupt  stop. 

There  are  several  types  of  easy  stop  safeties.  The  safety  used  on  wood  rails,  which  consists  essentially  of 
saw-toothed  dogs  arranged  to  grip  each  rail,  on  both  sides  of  it,  naturally  plough  their  way  for  some  distance 
through  the  wood  before  car  movement  ceases.  This  ruins  the  sections  of  guide  where  the  engagement  oocurs* 
and  new  sections  must  be  inserted. 

For  use  on  steel  rails,  a  common  form  which  is  known  as  the  voedge  damp  aafety  is  designed  to  save  both  the 
apparatus  and  the  passengers  from  the  disrupting  strains  of  instantaneous  stops  from  high  speeds.  A  pair  of 
fulcrummed  steel  jaws  rides  normally  with  the  jaw  faces  just  clearing  the  rail  sides.  When  the  governor  trips, 
the  action  of  the  descending  car  is  utilised  to  force  a  wedge  between  the  power  ends  of  each  pair  of  jaws,  with 
the  result  that  the  latter  grip  the  rails  with  a  force  which  increases  as  the  car  descends,  until  a  stopping  force  has 
been  exerted.  With  different  makes,  different  methods  of  wedge  application  are  utilised,  but  the  nuiin  principle 
is  always  the  same — i.e.,  a  resistance  which  increases  as  the  car  speed  decreases. 

Flexible  Guide  Clamp  Safety, — As  pointed  out,  the  unmodified  instantaneous  stop  of  the 
roll  safety  cannot  be  considered  in  connection  with  high  speeds,  while  on  the  other  hand  the 
wedge  clamp  safety  is  comparatively  slow  in  api^ying  an  effective  stopping  grip,  with  the  result 

that  its  stop  is  a  long  one. 

The  flexible  guide  damp  safety  combines  in  a  measure  the  quick  action  of  one  and  the 

•7 
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slide  feature  of  the  other,  and  accomplishes  a  quicker  stop  than  the  wedge  damp^  without  betng 
too  abrupt  for  safety  regardless  of  the  initial  car  speed. 

The  principle  of  operation  is  in  part  like  that  of  the  ttandard  roll  tsrpe.  Howerer*  instead  of  th&  thnat  of 
the  rail  against  the  roll  bdng  taken  by  a  solid  shoe,  it  is  eventually  taken  by  a  heary  ooiled  spring-  The  safely 
shoe  is  made  in  two  sections,  fulcrummed  ss  with  the  wedge  type.  The  spring  is  placed  in  compresilon  batween 
the  arms,  and  as  the  roll  reacts  against  the  side  of  its  retaining  pocket  in  the  shoe  the  further  compresaioa  of  the 
spring,  while  preventing  a  solid  engagement,  provides  sufficient  friction  first  to  retard  and  then  to  stop  the  ear. 
The  spring  pressure  is  adjusted  when  the  safety  is  built,  to  afford  sufficient  pressure  to  give  the  quiekest  riids 
stop  which  can  be  made  with  safety  from  the  service  speed.  This  type  is  suitable  for  all  speeds  of  over  100  ft 
per  min. 

Safeties  are  installcki  on  counterweights  which  for  unavoidable  reasons  run  above  rooms  or 
passages,  and  also  on  some  high  speed  gearless  traction  elevator  counterweights.  Double 
sets  of  car  safeties,  using  two  sets  of  guide  rails,  are  not  advocated,  on  account,  aside  from  the 
expense,  of  the  difficulty  of  getting  them  to  operate  simultaneously. 

Another,  or  special  type  of  safety,  is  known  as  the  retarder  type.  This  type  is  seldom  used 
excepting  as  a  terminal  emergency  feature  in  connection  with  very  high  rise  traction  elevators. 
In  such  cases,  with  the  great  rope  lengths  there  may  be  sufficient  tractive  effort  exerted,  even 
after  the  counterweight  has  bottomed,  to  lift  the  car,  already  in  motion,  beyond  the  normal 
upper  travel  limit.  In  such  cases  special  retarders  are  installed,  which  engage  and  slow  down 
the  member — car  or  counterweight — which  is  running  by  the  terminal.  As  the  car  or  counter- 
weight after  engaging  the  retarders  actually  rests  on  same,  it  cannot  fall  back  to  take  up  the 
slack  cable  until  released  under  competent  supervision. 

The  retarders  consist  each  of  two  plates,  with  pins  passing  through  them  and  so  placed  that  very  soft  wiiei 
of  great  tensile  strength  and  about  Hs-in.  diameter  which  are  passsd  betw3en  the  plates  must  bend  alternately 
in  opposite  directions  to  pass  the  pins.  The  resultant  friction  becomes  tho  retarding  feature.  The  wires,  wfaidi 
vary  in  number  with  the  conditions,  are  stretched  taut  between  substantial  anchorages,  and  means  for  resettiBg 
the  retarder  plates  provided.  Latches  or  dogs,  mounted  below  the  car  platform,  are  arranged  to  engage  the  re- 
tarder plates  when  the  device  comes  into  service.  If  used  for  other  than  terminal  devices,  the  wires  are  stretched 
from  top  to  bottom  of  the  hoistway,  the  retarder  plates  are  located  at  frequent  intervals,  and  the  engaging  dogi 
are  actuated  by  a  speed  governor. 

iitr  cwhiona  are  developed  by  enclosing  the  lower  section  of  the  hoistway  so  that  the  air 
cannot  escape  as  fast  as  a  falling  car  compresses  it,  with  a  resultant  cushioning  effect.  Usually 
the  hoistway  walls  to  the  height  of  the  cushion  are  of  masonry,  the  height  varying  from  a  quarter 
to  a  third  of  the  car  travel,  and  one  wall  is  battered,  providing  greater  escapement  space  at  the 
top  than  at  the  bottom,  where  the  car  fits  closely.  The  doors  and  door  frames  must  be  un- 
usually substantial,  as  well  as  all  of  the  surrounding  walls,  and  the  car  bottom  also  must  be  made 
capable  of  withstanding  the  developed  air  pressure. 

Speed  governors  for  actuating  the  safeties  are  usually  of  the  centrifugal  type,  some  working 
against  gravity  and  others  against  springs. 

There  should  be  at  least  three  tripping  points  in  one  revolution  of  the  governor  wheel 
so  that  safety  operation  may  occur  as  soon  as  possible  after  excess  car  speed  b  reached. 

For  high  car  speeds  it  is  preferable  to  use  a  governor  which,  instead  of  having  fixed  tripping  points,  will  func- 
tion at  any  period  of  its  revolution  where  excess  speed  occurs.  Inasmuch  as  with  high  speeds  even  a  partial  reroln- 
tion  of  the  governor  wheel  may  be  equivalent  to  a  very  considerable  car  speed  acceleration,  the  importance  of  the 
"360-degrec  service  governor"  is  readily  apparent. 

Drum  machines  are  provided  with  terminal  atop  motion  devices  or  switches  mounted  on  the 
extended  drumshaft.  This  extension  is  threaded  and  a  loose  nut  travels  on  the  threads  as  the 
drum  revolves,  being  itself  kept  from  turning  with  the  shaft  by  a  yoke  which  is  weighted  suf- 
ficiently to  overcome  the  friction  of  the  thread.  At  points  corresponding  to  either  terminal 
or  car  travel,  the  traveling  nut  engages  a  fixed  nut  or  stop,  and  the  whole  yoke  revolves,  actuat- 
ing the  stopping  switches.  Under  special  conditions  this  may  be  used  with  traction  drive,  but 
it  is  not  used  under  ordinary  circumstances,  as  the  loss  of  traction  following  an  over  run  elimi- 
nates its  necessity.  Slow  down  and  terminal  etoppinq  ewitches,  however,  are  used  with  the 
traction  type,  mounted  either  on  the  car  or  in  the  hoistway  and  opened  by  the  oar  when  the 
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latter  approaches  or  reaches  either  terminal.  These  are  for  service  in  case  the  oar  switch  should 
he  held  open. 

Drum  machines  are  provided  with  a  slack  cable  device  or  switch  designed  to  stop  the 
machine  if  cables  slacken  from  any  cause. 

All  electric  elevators  should  be  provided  with  a  safety  switch  in  the  car,  the  opening  of  which 
should  cut  off  power  and  apply  the  brake.  The  wiring  for  this  should  be  run  in  a  separate 
conduit,  and  a  separate  traveling  cable  used  to  the  car,  in  order  that  the  possibility  of  failure 
to  function  through  short  circuiting  through  other  lines  may  be  minimized. 

With  high  speeds,  governor  switches  for  slowing  down  the  machine,  before  the  tripping 
speed  is  reached,  are  used,  and  a  final  contact  cuts  off  all  power  when  the  governor  trips. 

Also  with  high  speed  equipment  of  the  gearless  traction  type  an  emergency  wheel  or  lever 
is  sometimes  {X'ovided  in  the  car  to  enable  the  operator  to  throw  in  the  safety  grips. 

With  rope  control,  a  device  should  be  {X'ovided  on  the  car  for  locking  the  hand  rope  while 
the  car  is  being  loaded.  Stops  are  provided  on  the  rope  at  the  various  floor  levels  for  engaging 
the  lock.     This  device  should  not  be  used,  as  it  sometimes  is,  for  stopping  the  elevator. 

Terminal  buffers  are  installed  below  both  the  car  and  counterweight.  These  should  be 
of  the  spring  type  for  freight  and  medium  speed  passenger  elevators,  and  are  placed  in  the  pit. 
For  high  speed  elevators  they  are  of  the  collapsing  oil  type,  the  car  buffer  being  placed  in  the 
pit  and  the  counterweight  buffer  being  suspended  from  the  coimterweight  itself,  utilizing  its 
weight  for  counterbalance  and  permitting  a  gravity  return  to  the  open  position.  The  car 
buffer  has  a  spring  return. 

The  brakes  on  the  machine  should  be  of  the  electric  type  and  the  releaee  should  be  accom- 
plished by  power.  Power  cut  off  or  failure  results  in  the  application  of  the  brake  shoe  by 
powerful  coiled  springs  which  have  been  compressed  by  the  lifting  of  the  brake. 

Ck>mpensating  ropes  or  chains  are  used  with  high  rise  elevators  to  equalize  the  weight  of 
the  great  length  of  cable  in  the  hoistway  and  keep  the  machine  load  constant. 

16.  Elevator  Accessories. — Adequate  enclosures  or  protection  of  the  shaft  must  be  pro- 
vided, and  in  most  localities  these  must  be  fireproof. 

Doors  or  gates  give  access  to  the  elevator  itself.  With  fireproof  shafts  the  doors  may  be 
either  swing  or  vertical  or  horizontal  sliding.  These  usually  must  be  arranged  to  be  opened 
only  from  the  shaft  side  excepting  by  key.  Frequently  electiic  contacts  or  ''interlocks"  are 
provided  in  connection  with  the  doors  or  gates  in  order  that  the  car  may  not  be  run  with  any 
shaft  opening  unprotected.  These  are  a  legal  requirement  in  many  localities.  If  there  are 
no  doors,  or  if  they  are  to  be  kept  oi>en  during  the  day  (held  by  fusible  link  retainers),  hoist- 
way  gates  must  be  provided.  While  local  regulations  vary,  the  average  practice  is  to  provide 
gates  5  ft.  6  in.  high,  with  6  in.  under  the  bottom  rail  and  about  2  in.  between  vertical  mem- 
bers. Gates  may  be  of  the  semi-automatic  type,  being  raised  by  hand  and  closed  automatic- 
ally by  gravity  as  the  car  leaves  the  landing.  The  gates  are  usually  counterbalanced.  Full 
automatic  gates  operated  entirely  by  the  car  action  are  not  deemed  good  practice  excepting 
for  terminal  floors. 

There  is  a  type  of  vertical  sliding  door  which  serves  both  as  fire  piotection  and  in  lieu 
of  a  gate.  Solid  horizontal  hatch  covers  are  sometimes  used  with  elevators  up  to  approximately 
40-ft.  speed.  These  are  opened  and  closed  automatically  by  car  action.  They  are  not  suit- 
able with  steel  guides  as  a  section  of  the  car  guide  must  be  carried  on  the  underside  of  the  door 
which  opens  till  it  stands  vertically  in  a  recess  in  the  guide  post,  forming  practically  a  section 
of  the  post. 

Qratingt  of  subatantial  construction  Bhould  be  provided  below  all  overhead  work,  to  be  need  aa  working  floors. 
A  common  practice  is  to  carry  an  overhead  machine  on  a  concrete  slab  which  is  slotted  for  the  cables.  This  usually 
eliminates  the  necessity  for  a  grating.    Fire  laws  do  not  always  permit  the  slab  construction. 

Coufdtrvttiohi  Bcreens  should  be  provided  to  a  height  of  6  ft.  above  the  pit  bottom,  in  order  that  no  one  working 
in  the  pit  may  walk  under  the  descending  weight. 

Car  tnelottwM  may  be  provided  to  suit  the  purchaser.  They  are  generally  of  metal  for  passenger  service 
excepting  in  residences,  and  the  purchaser  usually  specifies  what  he  desires  to  have  allowed  for  this  feature.  Freight 
oar  enclosures  may  be  of  wood,  wire  mesh,  or  sheet  steel,  and  should  be  6  ft.  high  if  they  do  not  extend 
to  oroashead.  If  trucks  are  used,  the  itael  wainsoot  is  best.  ^Hre  tops  should  always  bo  pror&ded  to  protoot 
em  oeeopMits  from  faUinc  grtiolof. 


1380  HANDBOOK  OF  BUILDING  CONSTRUCTION  [Sec  10-17 

A  ear  lioht  should  always  be  provided. 

Spare  ParU. — It  is  well  to  carry  a  supply  of  those  parts  most  subject  to  replacement,  such  as  oontaets,  apriap, 
resistance  tubes,  fuses,  packing,  cylinder  and  valve  cups,  etc.,  tulees  the  elevator  maker  maintains  a  local  atoretooaL 

LubricanU. — There  is  a  best  lubricant  for  each  of  the  several  major  parts  of  the  installation,  mwskk  aa  molar 
bearings,  main  and  sheave  bearings,  worm  gears  and  guides,  and  a  supply  of  these  should  be  maintaininl  Bopci 
wear  longer  if  proper  lubricant  is  systematically  applied. 

CoMm.— Cables  should  be  ss  small  in  diameter  as  an  ample  safety  factor  (not  U—  than  6  for  frei^t  and  8 
for  passenger  work)  will  permit,  on  account  of  the  greater  flexibility.  However,  the  diameter  should  be  not  ka 
than  yi  in.  Rope  numufacturers  make  a  special  traction  cable  designed  to  give  greater  wear  under  oooditioos 
of  traction  service.  In  cable  replacements  care  should  be  taken  to  use  cable  of  at  least  ss  great  tensile  strength 
as  the  maker  installed  originally.     If  steel  cables  were  installed,  a  plate  on  the  car  croeshead  usually  so  indicates. 

17.  Inspection. — It  is  imporbant  that  all  working  parts  be  frequently  and  thoroughly 
inspected,  and  especially  the  cables,  governor,  and  car  safeties,  slack  cable  andi  car  safety 
switches,  limits,  etc,  and  actually  tested  out  as  far  as  is  practical.  The  larger  companies  main- 
tain a  regular  inspection  service. 

18.  Systems  of  Cabling. — There  are  two  systems  of  cabling  electric  elevators,  these  being 
the  direct  hitch  and  the  2  to  1.  The  first  needs  no  description.  With  the  2  to  1  a  sheave  is 
mounted  in  the  car  crosshead  and  on  the  top  of  the  counterweight  and  the  respective  cables  are 
carried  below  these  and  back  to  a  dead  end  hitch  on  the  overhead  beams.  This  method  of 
cabling  doubles  the  lifting  capacity  of  a  given  motor  and  halves  the  car  speed.  It  is  more 
efficient  than  a  gear  reduction.     No  additional  counterweighing  is  required. 

19.  Signal  Systems. — Signal  sjrstems  adequate  for  the  service,  are  essential  for  the  ad- 
vantageous utilization  of  any  elevator  equipment. 

An  annunciator,  with  a  single  set  of  ''drops"  or  indications,  one  ''drop"  for  each  floor, 
and  a  call  button  alongside  each  landing  door,  is  satisfactory  for  the  single  low  and  medium  rise 
freight  or  passenger  elevator.     The  operator  resets  the  annunciator  by  lifting  a  reset  rod. 

With  high  rise  equipment  it  is  advantageous  to  use  a  double  row  of  indications,  one  regis- 
tenng  calls  for  the  up  trip  and  the  other  for  the  down.  With  this  the  operator  while  on  the 
up  trip  does  not  lose  time  by  stopping  for  down  signals.  A  double  button  is  used  on  the 
landing. 

With  two  or  more  cars  in  a  bank,  the  latter  type  is  used,  but  the  several  annunciators  are 
so  S3mchronized,  through  a  master  control  located  overhead  and  connected  to  all  the  elevators, 
that  a  given  call  is  registered  in  all  cars  travelling  in  the  required  direction,  and  is  automatically 
cancelled  in  all  cars  when  any  car  answers  it.  If  the  first  car  to  pass  the  call  floor  cannot  stop 
for  any  reason,  the  call  remains  registered  in  the  other  cars.  For  hotels  and  high-class  office 
buildings,  miniature  lights  are  used  instead  of  the  "drops"  for  the  indications.  This  is  known 
as  the  hotd  flash  system. 

With  banks  of  four  or  more  elevators  when  full  trips  only  are  run,  and  on  schedule,  the  car  or  opwmtor** 
signal  may  advantageously  consist  of  a  single  full  sised  colored  light  which  operates  exactly  as  does  the  annunci- 
ator, excepting  that  instead  of  distinguishing  between  floors  it  registers  by  flashing  about  IH  stories  ahead  of  the 
call  floor  and  at  the  same  time  a  light  flashes  over  the  landing  door  of  the  first  elevator  to  approach  the  call  floor 
in  the  desired  direction.     This  is  called  the  fleuh  light  §y§tem. 

Both  systems  are  frequently  installed,  the  flash  light  alone  being  used  during  the  busy  hours,  and  the  other 
for  light  service,  when  cars  are  running  more  or  leas  on  call  rather  than  on  signal.  One  set  of  landing  buttons 
serves  for  both  syetems.  The  flash  light  should  not  be  installed  alone,  as  it  does  not  permit  the  car  to  be  run  on 
call.  Indicator  dials  are  installed  on  the  main  floor,  for  guiding  the  starter,  or  the  waiting  passengers  if  no  startsr. 
If  indicators  are  desired  on  the  several  floors  as  well,  the  clock  dial  type  is  very  effective  as  it  affords  risible  ari- 
dence  of  car  movement.     More  than  four  dials  cannot  be  quickly  read  and  should  not  be  used. 


SECTION  11 
MECHANICAL  REFRIGERATION 

By  Stewart  T.  Smith 

1.  British  Thennal  Unit — The  unit  for  measuring  heat  is  known  as  the  British  thermal  unit, 
or  briefly,  the  B.t.u.  It  is  that  amount  of  heat  which  is  required  to  raise  the  temperature  of 
one  pound  of  water  one  degree  Fahrenheit. 

2.  Specific  Heat — The  specific  heat  of  a  substance  is  the  ratio  of  the  number  of  B.t.u« 
required  to  raise  the  temperature  of  1  lb.  of  the  substance  1  deg.  F.,  to  that  required  to  raise  the 
temperature  of  1  lb.  of  water  1  deg.  F. 

3.  Latent  Heat. — The  latent  heat  of  a  substance  is  the  number  of  Rt.u.  required  to  change 
the  state  of  1  lb.  of  the  substance  without  changing  the  temperature.  Thus  the  latent  heat  of 
freezing  of  a  substance  is  the  number  of  B.t.u.  required  to  change  1  lb.  of  the  substance  from  a 
liquid  state  to  a  frozen  state  at  the  same  temperature.  Also  the  latent  heat  of  vaporization  of 
a  substance  is  the  number  of  B.t.u.  required  to  change  1  lb.  of  the  substance  from  a  liquid  state 
to  a  vaporous  state  at  the  same  temperature. 

4.  Measurement  of  Refrigerating  Effect — The  commercial  imit  of  refrigeration  is  the 
ton  of  refrigeration  and  is  the  number  of  B.t.u.  required  to  melt  (not  manufacture)  one  ton  (2000 
lb.)  of  pure  solid  ice.  Since  the  latent  heat  of  ice  is  144,  the  ton  of  refrigeration  is  equal  to  2000 
X  144  »  288,000  B.t.u.  As  all  refrigerating  calculations  are  made  on  a  24-hr.  basis,  the  ton  of 
refrigeration  per  day  is  equal  to  12,000  B.t.u.  per  hr.,  or  200  B.t.u.  per  min.,  and  as  1  B.t.u.  is 
equal  to  778  foot  pounds  and  0.293  watt  hours,  the  ton  of  refrigeration  is  also  equal  to  the  heat 

ff  u                 •       (12,000)  (778)        .  ^,  ,                   ,               ,  (12,000)  (0.293) 
given  off  by  consummg    /qq  qaqn  (q[)\    *  ^* '  ^  horsepower-hours  and fooo " 

kilowatt-hours.     These  last  two  equivalents  are  useful  in  providing  for  heat  given  off  by 
machinery,  lights,  etc. 

5.  Rating  of  Refrigerating  Machines. — ^A  refrigerating  machine  is  rated  by  the  number  of 
tons  of  refrigeration  it  is  capable  of  extracting  in  24  hr.  at  a  given  pressure  range  and  a 
given  temperature  of  the  condensing  water.  The  usual  rating  is  for  15.65  lb.  suction 
pressure,  185  lb.  discharge  pressure,  and  60  deg.  F.  condensing  water. 

A  refrigerating  machine  sometimes  is  listed  in  terms  of  its  ice  making  capacity,  but  as  the 
refrigerating  capacity  varies  from  1.7  to  2  times  the  ice  making  capacity,  depending  upon  the 
temperature  of  the  water  to  be  frozen  and  other  variables,  this  term  should  be  used  with 
caution. 

6.  Refrigerating  Mediums. — There  are  two  main  refrigerating  mediums  commercially 
used:  ammonia  (NH«)  and  carbon  dioxide  (COs).  These  substances  are  chosen  because  the 
latent  heat  of  vaporization  of  each  of  them  is  high  and  because  the  liquefaction  point  of  each  is 
low. 

Of  the  two  substances,  ammonia  is  the  most  widely  used.  Its  liquefaction  point  is  very 
low  which  permits  the  use  of  discharge  pressure  of  from  150  to  210  lb.  and  its  latent  heat  of 
vaporization  is  the  higher  of  the  two  substances.  Ammonia  is  also  soluble  in  water,  which 
makes  possible  the  absorption  sjrstem  of  refrigeration.  The  principal  objection  to  ammonia  is 
the  offensive  odor  which  it  has  and  which  is  annoying  when  leaks  occur. 

Carbon  dioxide  machinea  are  uaed  quite  frequently  where  small  compact  machines  are  required,  but  as  the 
boiling  point  of  carbon  dioxide  is  relatively  high,  it  is  necessary  to  have  the  machines  designed  for  exceptionally 
high  pressures.     Carbon  dioxide  has  the  advantage  of  having  no  objectional  odor. 

Suphur  dioxide  is  sometimes  used  beause  the  machines  operate  at  a  low  condwuring  pressure,  but  the  latent 
heat  of  vaporisation  for  sulphur  dioxide  is  about  one-third  that  oi  ammonia. 
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T.  Systems  of  Refilsvstion. — There  are  two  commercial  syHtems  of  refrigeration  in  nae: 
the  compresrion  nyatem  and  the  tAtorpHon  system.  The  oompreasion  system  is  the  more  widely 
used.    Both  systems  requiro  water  to  extraet  the  heat  from  the  refrigerating  medium. 

Ta.  CompressioQ  System. — The  eomprtuion  ai/item  is  oompoeed  of  the  following 
parts:  the  comin^ssor,  the  condenser,  the  liquid  receiver,  and  the  expansion  coils. 

The  eompreiaor  is  a  machine  similar  to  an  air  compressor  and  is  driven  in  the  same  manner. 
Hie  average  machine  is  designed  to  run  at  a  speed  of  about  75  revolutions  per  minute.  There 
ore,  however,  mochinea  known  as  high  speed  machines  which  operate  at  about  226  r.p.m.  The 
purpose  of  the  eompreseor  is  to  compress  the  gas. 

The  amdenaer  is  a  coil  of  pipes  (usually  of  2-in.  pipe)  12  pipes  high  and  20  ft.  long.  In  the 
atmospheric  type  of  condenser  (Fig.  1),  water  trickles  over  the  pipes,  and  in  the  double  pipe  con- 
denser (Fig.  2),  the  gas  is  passed  through  the  outer  annular  space  while  the  cooling  water  is 
passed  through  the  central  pipe.  An  atmospheric  condenser  12  pipes  high  and  20  ft.  long  under 
average  conditions  is  good  for  10  tons  of  refrigeration.  It  is  not  economical  to  make  condensers 
more  than  12  pipes  high.  The  purpose  of  the  condenser  is  to  remove  the  heat  from  the  gas 
and  to  change  the  state  of  the  substance  from  a  gaseous  to  a  liquid  state. 


•I  ntriienllDD. 


The  liquid  receiver  (Figs.  1  and  2)  is  a  horizontal  cylindrical  drum  which  is  used  as  a  resei^ 
voir  for  the  storage  of  the  liquid  refrigerating  medium. 

The  expangion  eoili  (Figs.  1  and  2)  are  the  pipe  coils  in  the  rooms  or  other  places  where  the 
cooling  effect  is  desired  and  through  which  the  refrigeratiog  medium  is  circulated.  Tbeee  ore 
usually  of  IK  or  2-in.  pipe. 


Tha  cyols  of  upeimtion  of  an  ammonlm  boi 

■  enteim  the  Bomprcwoc  Bt  >  low  prcwuTB. 

1.  h«t  ii  added  to  it    Th*  gt*  theo  iM 

If  through  thfi  comprator.    It  thea  pi 

pipes  nmova  enough  best  from  the  ' 

Bow«  into  the  liquid  receifer.    Thi»  a 


■ion  ■yitam  la  (howB  In  Tit- 1,  sod  ii  u  loUom:  Tha  u 
IG  lb.,  mnd  ia  Ihare  oampreaaed  to  uy  1S£  lb.  In  oomprf— Lij 
through  an  oil  aeparator  which  ramovea  the  oil  that  ii  abaorbvd 
through  the  cODdenaer.  In  tha  eondenaer.  the  i^ool  water  paaaing 
r  to  change  it  to  a  liquid  ■!■(«.  The  liquid  ammonia  thui  formed 
of  tha  lyttcm  ia  what  ia  known  oa  tha  high  preaeure  aide  ut  tha 


The  liquid  la  then  pasaed  tfaiough  an  eipanaion  ralve  to  tba  eipanuoo  coila.  In  paaaing  the  aipanalon  valve, 
the  preaaure  ia  reductd  froiD  18S  lb.  to  Ifi  lb.  In  redudns  the  preaaure  ISO  lb.,  the  temperature  of  the  liquid  ia 
reduoed  from  65  to  0  deg.  F.  The  cold  liquid  in  the  aipanalon  ooila,  being  at  ■  low  preaaure,  boila  away  to  a  gaa, 
abaorbing  the  hut  from  tba  lurroundins  madium.  Thli  ■■■  ia  tben  retumad  tt 
Om  crvia  of  operation. 
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n  li  ■owmad  hy  tlw  oondBiuiiic  wmtor  uid  tlie  luetiiHi  pruiur* 
■■  sovenHd  by  th*  Mmpantim  darind  In  tlic  roomt.  U  ■  IB  d«(.  diffennoc  of  temptnture  b  dg*ii«d  bctwwa 
th»  soolinc  mcdJoib  »ul  tbe  idr  in  ■  mom  and  it  it  diiind  to  keap  thii  room  at  IB  d«(.  F.,  tba  tampsraturs  of  tha 
f-^  ■.»■■.;-  ifaould  be  0  dec.  ^-  Br  reterrinc  to  tablei  (Jlina  the  piopartice  of  ■mmonla,  it  will  be  Bated  tliit  0  d«(. 
F.  oOReaponde  to  a  pnacun  of  lS.(ia  lb.  Thua  tha  tuation  preaaure  ahould  be  IS.SG  lb.  Aflai  the  aipanalan 
iralve  haa  been  repilated  to  five  the  proper  aupply  of  anunooia  to  the  eolLj.  tha  Duntfol  of  tha  entire  lyatem  [a 
dependent  on  operatioc  the  oomprteeoi  to  maintain  ttiia  luation  preaaure.  Fi^.  1  aliowa  tha  Tarioua  pleoea  of 
appaiatoB  and  the  oral*  of  opfiatioB  of  the  oompraialan  lyatam. 

Some  of  the  adv&ntages  of  the  oompraaaioik  ajratem  of  refrigeration  are:  (1}  the  use  of  steam 
is  not  necemarily  required  as  a  compreeaor  can  be  operated  by  gas  engine,  oil  engine,  steam 
engine,  or  by  electric  motors;  and  (2)  it  is  economical  in  operation,  and  very  high  efficiencies 
can  be  obtained  where  economical  power  is  available. 

The  chief  disadvantage  the  system  has  is  the  difficulty  of  obtaining  economioally,  tem- 
peraturea  below  about  0  deg.  F. 

76.  Absorption  System. — The  abtorptian  gyglem  of  refrigeration  is  compooed  of 
the  following  parts:  the  generator,  the  reetifier,  the  exchanger,  the  condenser,  the  liquid  to- 


oeiver,  the  expansion  coils,  and  the  absorber.     The  absorption  system  use*  only  ammonia  as  a 
refrigerant  because  of  its  solubility  in  water. 

The  condeoser,  liquid  receiver,  and  expansion  coils  of  the  two  systems  are  identical, 
perform  the  same  functions,  and  have  the  same  relation  to  one  another.  With  the  compression 
system,  the  compressor  is  the  heart  of  the  system;  in  the  same  way,  the  absorber  is  the  heart 
of  the  absorption  system. 


The  uimrber  ia  a  horiiontal  orlindrioal  dnim  built  like  a  horiioatal  tubular  I: 

vmt  tiquar,  Tba  ia>  from  the  eipanaioa  coila  ia  brousht  into  the  abaorbt^r  i 
pipe  and  la  allowed  to  bubble  up  tbrouih  tlia  weak  liquor.  The  ammonis  si 
liquor  ia  abeorbed  by  it.  Tba  liquid  ii  thua  enriohed  by  the  additina  of  ammi 
Tbi*  strong  I 


This  pump  ia  a  iteam-driven 
from  the  pump  through  a  set  of  double  ] 
iU  way  to  the  ■pneralor,  abaorbs  loine  ol 

ejrlindrloa]  drum  havinf  a  aet  of  itaam 


aaUedai 


a  boilar- 


m  the  hot  weak  liquor  i: 


liar.    Coolins  water  panea  through 

the  bottom  through  a  perforated 
in  bubblini  up  thiouch  tha  weak 


From  tba  ammonia  pump  a*  from 
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other  sources  is  passed  through  this  set  of  ooils  and  the  heat  of  the  steam  is  utilised  in  heating  the  strong  liquor 
surrounding  the  coils.  A  large  part  of  the  ammonia  in  the  liquor  and  part  of  the  water  is  thus  turned  into  vapor, 
fiurming  a  hot  wet  gas,  and  leaving  behind  a  hot  weak  liquor.  The  hot  weak  liquor  is  first  passed  through  the  ex- 
changer as  before  mentioned  and  is  then  passed  through  a  uteak  liquor  cooler  which  is  another  set  of  double  pipes 
through  which  water  droulates  as  the  cooling  medium.  The  weak  liquor  is  then  passed  to  the  absorber  oompletang 
that  cycle  of  operation. 

The  hot  wet  gas  is  taken  from  the  generator  through  a  set  of  pipe  coils  arranged  with  drip  connections  on 
several  of  the  pipes.  This  apparatus  is  called  the  rectifier.  Its  purpose  is  to  remove  the  water  vapor  contained 
in  the  gas.  Over  the  pipes  is  passed  cooling  water  which  cools  the  gas  sufficiently  to  condense  the  water  vapor. 
This  condensed  water  is  carried  away  at  the  drip  connections  and  brought  back  to  the  generator.  The  dry  hot 
ammonia  gas  then  passes  to  the  ammonia  condensers  and  from  there  to  the  liquid  receiver  and  expansion  coils 
to  the  absorber,  thereby  completing  the  oyde  of  operation.  The  control  of  the  entire  system  is  based  on  regulating 
the  speed  of  the  ammonia  pump. 

Fig.  2  showB  the  various  pieces  of  apparatus  and  the  two  cycles  of  operation  in  the  ab- 
sorption system. 

The  advantages  of  the  system  are:  (1)  simplicity  of  control — requiring  very  little  attention; 
(2)  advantageous  utilization  of  exhaust  steam  which  is  often  an  important  factor;  and  (3)  the 
ease  with  which  low  temperatures  can  be  obtained. 

The  disadvantages  are  that  the  system  must  have  steam,  and  that  the  system  is  of  low 
efficiency. 

8.  Refrigerating  Load. — ^The  refrigerating  load  which  must  be  carefully  calculated  in 
designing  the  refrigerating  i^ant,  is  composed  of  several  factors  the  principal  ones  being:  trans- 
mission of  heat  through  walls,  cooling  the  goods,  freezing  the  goods,  condensing  vapor,  and 
offsetting  heat  generated  within  the  room. 

Heat  tranamiesion  of  loaUs  is  calculated  in  the  same  manner  as  for  heating  work.  In  the 
majority  of  instances  where  refrigeration  is  required,  insulation  is  applied  to  the  walls,  and 
it  is  common  practice  to  consider  only  the  insulation  as  retarding  the  flow  of  heat  through  the 
wall. 

Illustrative  Problem. — Required  the  amount  d  refrigeration  to  offset  the  transmission  of  heat  into  a  2-atory 
building  40  X  80  X  24  ft.,  inside  measurements,  with  4  in.  of  corkboard  applied  to  the  walls,  roof,  and  floor. 
The  temperature  of  the  air  in  the  building  is  to  be  held  at  30  deg.  F.  when  the  outside  temperature  is  90  deg.  F. 
The  temperature  of  the  soil  under  the  floor  is  considered  55  deg.  F.  The  transmission  of  corkboard  is  approxi- 
mately 6.4  B.t.u.  per  24  hr.  per  inch  of  thickness. 

A  A. 

The  heat  flow  through  the  floor  -  (40)(80)  (-^^  (55  -  30)  «  128.000  B.t.u.  per  day. 

A  A. 

The  heat  flow  through  the  roof    -  (40) (80)  (-^)(W>  -  30)  -  307,200  B.t.u.  per  day. 

The  heat  flow  through  the  walls  -  (240)  (24)  (-|-)  (90  -  30)  «  552.960  B.t.u.  per  day. 

Total  «  988.160  B.t.u.  per  day. 
988.160 
Amount  of  refrigeration  required  —  288  000  "*  ^'^^  ^'^ 

In  providing  refrigeration  to  cool  gooda^  the  specific  heat  and  the  weight  of  the  goods  must 
be  considered. 

Illustrative  Problem. — Required  the  amount  of  refrigeration  to  cool  800  crates  of  eggs  in  one  day  from  75 

to  33  deg.  F. 

One  crate  of  eggs  weighs  70  lb.  and  the  specific  heat  of  eggs  is  0.76.     The  amount  of  refrigeration   —  (800)  (70) 

(0.76) (75  -  33)  -  1,787,520  B.t.u.  - 

1*787,620  ^ 

288.000    "  ®-^  **'°'- 

Where  it  is  necessary  to  freeze  the  goods,  the  latent  heat  of  freezing  as  well  as  the  specific 
heat  above  and  below  freezing  must  be  considered. 

niustratiye  Problem. — Required  the  amount  of  refrigeration  to  cool  in  one  day's  time,  100  hogs  weighing 

250  lb.  each,  from  80  to  15  deg.  F. 

From  tables,  the  specific  heat  above  freesing  "  0.51,  the  specific  heat  below  freesing  «  0.30,  and  the  latent 

heat  of  freesing  "  55. 

B.t.u.  required  to  cool  goods  to  freesing  point  «  (100) (250) (0.51)  (80  -  32)         -      612,000 
B.t.u.  required  to  freese  goods  -  (100) (250)  (55)  «  1,375,000 

B.t.u.  required  to  cool  goods  from  32  to  15  deg.  F.  -  (100) (250) (0.3) (32  -  15)  -      127.000 

Total  -  2.114.500 
2  114  500 
Amount  of  refrigeration  required  -■    Igg^l^^    -■  7.84  tons. 
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To  calculate  the  amount  of  refrigeration  required  to  condense  moisture  out  of  air,  the  de- 
signer should  have  available  a  psychrometric  chart.  A  very  convenient  chart  for  this  work  is 
made  by  the  Carrier  Engineering  Corporation  of  New  York  City.  When  1  lb.  of  moisture 
is  condensed  to  water,  approximately  1100  B.t.u.  are  given  up  by  the  vapor.  Thus,  if  a  quantity 
of  air  is  to  be  cooled  below  its  saturation  point,  the  heat  given  off  by  the  vapor  condensed 
must  be  absorbed  by  the  refrigerating  coils. 

nitistratiTe  Problem. — Required  the  amount  of  refrigeration  to  cool  in  1  hr.  100,000  ou.  ft.  of  air  from  85 
deg.  F.  and  70%  humidity  to  15  deg.  F. 

The  amount  of  moisture  in  air  at  85  deg.  F.  and  70%  saturation  as  shown  by  charts  or  tables,  is  1.273  lb. 
per  1000  cu.  ft.  Air  at  15  deg.  F.  and  100%  saturation  is  found  to  contain  0.14  lb.  per  1000  ou.  ft.  There  must 
therefore  be  condensed  (1.133)(100)  -  113.3  lb.  of  water  which  will  require  (113.3)(1100)  «  124,630  B.t.u.  The 
specific  heat  of  air  is  0.237.  The  weight  of  air  at  the  average  temperature  of  50  deg.  F.  is  0.078  lb.  per  cu.  ft. 
Thus,  the  heat  given  up  by  cooling  the  air  -  (100,000) (0.237) (0.078) (85  -  15)  «  129,402  B.t.u.  The  amount 
of  refrigeration  needed  is  thus 

124.630  +  129,402       «,  ,„  , 
12:000 ^'-'^  '""^ 

For  very  accurate  work  such  as  is  required  in  the  laboratory,  calculations  should  be  based 
on  the  weight  of  the  air  instead  of  the  volume,  and  as  the  curve  showing  the  ratio  between  tem- 
perature and  weight  of  air  is  not  a  straight  Une,  it  is  not  absolutely  accurate  to  take  the  weight 
of  the  air  at  the  average  temperature,  but  the  method  as  outlined  here  is  one  that  is  used  by 
many  designers.  In  fact,  the  value  of  0.018  is  commonly  taken  as  the  heat  extracted  in  lowering 
the  temperature  of  1  cu.  ft.  of  air  regardless  of  the  temperature. 

Heat  generated  witkin  a  room  is  easily  accounted  for  by  the  use  of  the  power  equivalent 
for  one  ton  of  refrigeration. 

One  hundred  60-watt  lamps  in  a  room  will  require  — TKnn —  =*  ^  ^^-  P^^  hr.  or  75-^  ■» 

1.42  tons. 

One  16-candlepower  incandescent  lamp  gives  off 160  B.t.u.  per  hr. 

One  gas  light  gives  off  approximately 3600  B.t.u.  per  hr. 

One  workman  gives  off  approximately 500  B.t.u.  per  hr. 

In  commercial  practice,  many  engineers  add  to  the  above  mentioned  loads  for  refrigeration,  which  are  easily 
figured,  a  percentage  to  cover  opening  of  doors,  cracks,  and  often  for  lights  and  laborers  in  rooms.  The  pereentage 
which  should  be  added  varies  with  the  kind  of  work  and  with  the  engineer  making  the  calculations.  It  is,  how- 
ever, safe  to  say  that  in  most  instances  it  varies  from  10  to  25%. 

9.  Methods  of  Application  of  Mechanical  Refrigeration. — Refrigeration  is  api^ed  in 
two  ways:  (1)  the  direct  expansion  sjrstem,  and  (2)  the  brine  circulating  system. 

In  the  direct  expansion  system  the  expansion  coils  are  placed  in  the  rooms  as  in  Figs.  1  and 
2.  The  liquid  ammonia  is  expanded  in  them  and  allowed  to  boil  away,  absorbing  heat  from 
the  air  surrounding  the  pipes.  This  system  is  used  where  very  low  temperatures  are  desired,  and 
where  a  flexible  sjrstem  is  not  necessary.  Ice  storage  houses,  sharp  freezers,  and  meat  boxes 
are  usually  provided  with  the  direct  expansion  system.  The  greatest  objection  to  the  system 
is  that  the  cooling  effect  of  the  ammonia  stops  as  soon  as  the  compressor  stops. 

In  the  brine  circtdating  system  the  ammonia  is  allowed  to  expand  into  a  cylindrical  drum 
called  a  brine  cooler.  Coils,  through  which  brine  is  pumped,  are  placed  in  the  drum.  The 
ammonia  in  boiling  away,  absorbs  the  heat  from  the  brine.  The  brine  is  then  pumped  through 
pipes  arranged  in  the  room  the  same  as  for  the  direct  expansion  system.  The  great  advantage 
this  system  has  is  in  its  flexibility.  Due  to  the  body  of  brine  which  is  cold,  if  for  any  reason 
it  is  necessary  to  stop  the  compressor,  refrigeration  can  be  obtained  for  several  hown  by  cir- 
culating the  brine.  There  must  be  a  certain  range  of  temperature  between  the  ammonia 
and  the  brine,  and  another  range  between  the  brine  and  the  air  in  the  room  in  order  to  transfer 
heat.  Thus,  it  is  not  possible  to  obtain  as  low  a  temperature  in  the  room  with  this  ByBtem  as 
can  be  obtained  with  the  direct  expansion  system.  This  system  is  used  particularly  in  cold 
storage  plants,  and  places  where  very  perishable  goods  are  kept,  in  creamery  machinery,  and 
for  ice  cream  making  machinery. 
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10.  Proportioaiiig  of  CooUng  Surface. — The  oorrect  proportioning  d  the  oooUng  Burfkoe 
and  the  arrangement  of  the  cooling  eoils  in  the  room,  is  M  important  as  oaloulating  the  rafrigerat- 
ing  load.  Even  though  the  compresBor  is  huge  enough  to  provide  for  the  load,  if  the  oooling 
coils  are  not  ample  or  properly  located,  the  results  will  not  be  satisfactorj.  In  g«ieial,  pipe  m 
Btill  air  with  &  12-deg.  range  in  temperature,  will  transfer  2  B.t.u.  per  hr.  per  sq.  ft.,  per  I  deg. 
F.  difforenoe  between  the  temperature  of  the  air  and  the  temperature  of  the  cooling  medium. 
Where  iMpe  is  submerged  to  a  liquid,  as  is  the  cose  where  ooils  are  located  in  the  brine  of  an  ice 
making  tank,  the  heat  transfer  value 
is  about  25  B.t.u. 

After  the  heat  tranafer  value  ot 

the  pipe  is  determined,  the  range  ct 

temperature  that  will  be  used  between 

the  medium  cooled  and  the  oooling 

^»    medium  is  decided.     The  greater  this 

'  ^    range  is,  the  lower  the  auction  pres- 

y  g    sure  must  be,  and  consequently,  the 

sd  ?  '    greater  amount  of  power  will  be  re- 

^^        quired,  on  the  other  hand,  the  greater 

the  range,  the  smaller  the  amount  of 

IHpe  required.    The  amount  <rf  pipe 

It  avsr      to  use  and  the  range  of  temperature 

^  ^^^   therefore,  is  determined  by 

good  judgment  of  economical  oonsiderations      For  temperatures  in  a  room  of  over  20  deg.  F., 

a  temperature  range  of  15  deg.  is  used,  tor  temperatures  of  between  10  and  20  deg  F.,  a  range 

of  10  deg.  is  used;  and  from  minus  10  deg.  F.  to  plus  10  d^.  P.,  or  even  lower,  a  range  <rf  S  dtg. 

In  laying  out  the  arrangement  of  coils  in  the  rooms,  the  designer  should  bear  in  mind  that 
oold  air  is  heavier  than  warm  air.     For  this  reason,  the  coils  should  be  bo  located  that  a  natural 
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circulation  of  the  sir  in  obtained.  In  general,  coils  should  never  be  located  on  the  four  sides  of 
a  room,  as  by  such  an  arrangement  the  natural  circulation  of  the  air  is  stopped.  The  same 
amount  of  [Hpe  placed  in  coils  on  the  two  opposite  sidee  of  a  room  will  give  far  better  reeulta, 
as  by  such  an  arrangement  the  air  will  flow  down  the  walls,  along  the  floor,  up  the  center  of 
the  room,  and  along  the  ceiling  to  the  wall  (see  Fig.  3).  If  the  room  is  more  than  30  ft.  wide, 
then  should  be  ooila  located  near  the  center  of  the  room  as  in  I^lg.  4.  The  coils  should  be  sup- 
ported near  the  ceiling  and  preferably  over  a  passageway.     The  beet  results  are  obtained  when 
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the  coils  are  placed  in  the  upper  third  of  the  room.  Less  storage  space  is  thus  taken  up  by  the 
pipes,  and  the  flow  of  the  air  is  not  obstructed  under  the  pipe.  Where  goods  are  packed  very 
aoUdly  over  the  floor  area,  the  circulation  of  air  is  sometimes  helped  by  placing  the  goods  on  2  X 
4-in.  pieces,  thus  making  a  passage  for  the  air  on  the  floor.  However,  in  most  cases,  the  air 
passes  through  the  goods  without  this  provision.  In  meat  cooler  rooms  and  in  some  cold 
storage  work  where  temperatures  below  freezing  are  needful,  it  is  necessary  to  support  under 
the  coils,  a  trough  to  carry  away  the  water  caused  by  the  melting  of  the  frost  which  will  ac- 
cumulate on  the  coils. 

Where  meat  ia  cooled  in  the  caroaM,  m  is  the  ease  in  packing  house  work,  the  bunker  system  of  placing  the 
eoding  coils  is  used  (see  Fig.  5).  With  this  system,  an  overhead  bunker  is  made  with  provisions  for  air  to  circu- 
late over  the  coils  and  through  a  slot  in  the  bunker  floor  to  the  main  room  below.  The  air  circulates  by  gravity 
over  the  coils  and  the  water  caused  by  the  melting  of  the  frost  on  the  pipes,  is  carried  off  by  a  drain  in  the  bunker 
floor.  For  some  work,  these  bunkers  are  placed  outside  the  room  to  be  cooled,  and  the  air  is  circulated  by  fans 
ov«r  the  coils  and  to  the  room  through  ducts.  This  system  was  used  to  a  great  extent  in  the  past  in  fur  storage 
houses  and  in  chocolate  factories. 

The  arrangement  of  the  cooling  coils  for  cooling  a  large  amount  of  air  to  be  circulated  through  rooms,  should 
be  such  that  the  cooling  pipes  are  long  and  close  together.  The  air  should  be  blown  along  the  pipes  (not  across) 
With  pipes  placed  on  4-in.  centers  and  60  ft.  long,  the  air  travels  a  long  distance  in  contact  with  the  cold  pipes, 
thus  bringing  in  a  time  element  which  is  important.    The 

friction  of  the  brine  or  ammonia  in  the  pipes  is  also  much  i  y 

leas  than  where  a  large  number  tA  short  pipes  are  used, 
thus  requiring  much  lees  power. 

In  small  refrigerator  boxes,  as  in  hotels  and  restaurants, 
usually  no  provision  can  be  made  to  provide  for  natural 
circulation  as  the  space  is  very  small  and  the  goods  to 
be  cooled  are  placed  very  near  the  pipes.  In  meat  boxes, 
it  is  usually  possible  to  place  the  pipe  near  the  ceiling  at  II  \ 

the  side  so  that  a  circulation  can  be  obtained. 


11.  Ice  Manufacturing  Plants. — There  are 
three  systems  for  making  ice  that  are  commer- 
cially successful:  (1)  the  plate  system,  (2)  the 
distilled  water  can  Qjnstem,  and  (3)  the  raw 
water  can  system. 

In  the  Tpiaite  system,  a  steel  tank  10  or  12  ft. 
deep  and  of  varying  widths  and  lengths,  depend-  ^ 
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ing   upon    the   capacity,    has   arranged   in   and   Fio.  6.— Arrangement  of  refrigerating  coils  in  bunkers. 

across  it,  expansion  coils  on  32-in.  centers  for  the 

full  height.  The  pipes  in  the  coils  are  usually  on  6-in.  centers  and  are  bolted  between  two  l^-in. 
steel  plates.  The  tank  is  filled  with  water  and  the  ammonia  boiling  away  in  the  coils  absorbs 
the  heat  in  the  water  causing  ice  to  form  on  the  steel  plates.  While  the  freezing  operation  is 
going  on,  air  is  allowed  to  bubble  up  over  the  freezing  edge  thereby  cleaning  the  surface  of  air 
bubbles  and  foreign  matter.  The  result  is  a  clear  cake  of  ice.  This  operation  is  continued 
until  the  ice  is  12  in.  thick.  It  requires  6  days  to  freeze  the  cake  of  ice.  Hot  anmionia  gas  is 
then  turned  into  the  coils  imtil  the  frozen  cake  is  melted  free  of  the  steel  plate.  The  cake  is  then 
lifted  out  of  the  tank  by  a  crane  and  is  carried  to  a  tipping  table  where  it  is  brought  to  a  hori- 
zontal position  and  cut  up  to  commercial  sizes  by  means  of  a  circular  saw.  This  type  of  i^ant 
is  very  economical  in  operation  but  is  high  in  first  cost.  There  is  also  the  objection  that  many 
cakes  are  so  cracked  or  otherwise  broken  before  they  are  finally  disposed  of,  that  there  is  an 
excessive  loss  of  ice. 

In  the  distilled  water  can  systeniy  steel  cans  of  commercial  sizes  are  surroimded  by  brine  in  a 
steel  freezing  tank.  Three  hundred  pound  cakes  are  most  commonly  used.  The  cans  for 
this  size  of  cake  are  IIH  X  22)^  X  44  in.  These  cans  are  set  in  a  tank  48  in.  deep  and  are 
placed  on  25-in.  centers  lengthwise  of  the  tank  and  on  15-iQ.  centers  across  the  tank.  Between 
the  cans  and  running  lengthwise  of  the  tank,  expansion  coils  are  placed,  usually  6  pipes  high 
and  on  7-in.  centers.  The  ammonia  in  the  coils  cools  the  brine  which  in  turn  freezes  the  water 
in  the  can.  The  brine  in  the  tank  is  kept  in  motion  along  the  coils  by  a  motor-driven  propeller. 
There  is  installed  in  the  plant  a  water  distilling  system  through  which  all  the  water  for  the  cans 
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passes.  The  water  thus  being  free  of  all  foreign  matter,  freezes  clear  in  the  cans.  When  the 
water  in  the  can  is  frozen  (which  requires  about  48  hr.  for  a  300-lb.  cake),  the  can  with  the  ice  is 
lifted  out  of  the  tank  and  lowered  into  a  tank  containing  hot  water.  It  is  left  here  sufficiently  long 
to  thaw  the  ice  cake  free  of  the  can.  The  can  is  then  lifted  and  placed  on  a  can  dump  where 
the  cake  of  ice  is  dumped  out  and  passed  to  the  ice  storage  room.  This  system,  until  the  last  few 
years,  was  the  system  which  was  most  commonly  installed.  The  objections  to  it  are:  low 
economy,  and  the  necessity  of  having  in  conjunction  with  the  plant  a  distilling  apparatus,  thus 
requiring  steam. 

The  raw  water  can  system  is  identical  with  the  distilled  water  can  system  in  so  far  as  the 
arrangement  of  the  cans  in  the  tank  is  concerned.  The  difference  is  in  the  use  of  raw  water  (city 
water)  instead  of  distilled  water.  There  is  installed  in  the  plant  an  air  compressor  which  forces 
air  through  pipes  to  the  freezing  tank.  This  air  is  piped  to  the  bottom  of  the  can  of  water  and 
allowed  to  bubble  up  through  the  water.  As  the  water  freezes  in  the  can,  this  air  keeps  the 
surface  washed  free  of  air  bubbles  and  foreign  matter,  thus  forming  a  clear  cake  of  ice.  The 
advantages  of  this  sjrstem  are:  a  steam  plant  is  not  necessary  as  the  plant  can  be  electrically 
driven  or  otherwise,  depending  on  kinds  of  power  available;  and  better  economies  are  obtained 
than  with  the  other  types.  A  raw  water  can  plant  may  easily  be  made  to  produce  20  tons  of 
ice  per  ton  of  coal,  whereas  6  to  10  tons  of  ice  per  ton  of  coal  is  about  all  that  can  be  exjiected 
of  a  distilled  water  plant.  During  the  past  few  years  the  raw  water  plant  has  been  installed 
almost  exclusively  and  due  to  the  high  economies  which  are  possible  only  with  this  type,  many 
old  style  plants  have  been  converted  from  the  distilled  system  to  a  high  duty  raw  water  system. 

12.  Determination  of  Size  of  Ice  Plant. — The  amount  of  ice  which  can  be  sold  in  a  given 
community  is  usually  known  or  can  be  easily  estimated.  If  no  large  storage  house  is  available 
for  the  storage  of  ice,  the  ice  plant  should  be  made  large  enough  to  supply  the  demand,  running 
at  full  capacity  for  200  days  per  year.  The  daily  tonnage  of  the  plant  is  thus  determined. 
The  freezing  tank  is  then  made  large  enough  to  accommodate  14  to  18  cans  (300  lb.  each)  per 
ton  of  ice  making  capacity.  16  cans  per  ton  is  most  commonly  used.  The  larger  the  number  of 
cans  per  ton  the  more  economical  the  plant,  as  the  time  of  freezing  is  lengthened. 

13.  Ice  Storage  Buildings. — In  connection  with  ice  making  plants,  there  are  built  ice  storage 
buildings.  There  is  always  a  daily  ice  storage  room  where  the  ice  is  stored  to  be  used  im- 
mediately. Where  the  plant  is  large  enough  to  supply  the  entire  demand  by  running  only 
during  the  ice  season,  this  room  is  all  the  space  that  is  required.  A  daily  ice  storage  room  should 
be  designed  to  provide  for  a  four  days'  supply  of  the  freezing  tank.  The  ceiling  height  is  low, 
usually  8  ft.,  and  the  expansion  pipe  is  arranged  below  the  ceiling  on  10-in.  centers  the  entire 
length  and  width  of  the  room.  The  room  should  be  large  enough  to  accommodate  the  ice 
standing  on  end,  one  cake  high.  12  sq.  ft.  per  l^n  of  ice  should  be  used  in  determining  the  sise 
of  the  building  under  these  conditions. 

It  \b  uBxially  more  economical  to  provide  a  large  ice  storage  building  for  the  storage  of  ioe  made  during  the 
winter  months,  and  build  the  ioe  plant  only  large  enough  to  provide  for  the  demand  by  operating  300  days  per  year. 
Ioe  storage  buildings,  however,  are  not  advisable  unless  they  can  be  built  for  at  least  2000-tons  capacity.  The 
larger  the  storage  building,  the  better.  They  should  be  30  to  40  ft.  high  and  should  have  an  area  unobstructed 
by  columns  below  the  roof.  The  expansion  coils  are  supported  by  hangers  along  the  walls  near  the  oeUing.  The 
buildings  are  designed  for  40  cu.  ft.  per  ton  of  ice.     The  weight  of  ice  is  57H  lb.  per  cu.  ft. 

14.  Practical  Notes. — All  systems  of  refrigeration  require  water  to  be  circulated  over  the 
ammonia  condensers.  The  amount  of  water  which  must  be  provided  for  this  work  is  approxi- 
mately 3  gal.  per  min.  per  ton  of  refrigeration.  Where  it  is  necessary  to  use  city  water  for  this 
cooling  work,  the  same  water  can  be  used  over  and  over  again  by  means  of  a  cooling  tower. 
A  tower  should  be  on  a  high  portion  of  the  building  where  it  has  free  access  to  air  currents. 

1}^  and  2-in.  pipes  are  most  commonly  used  for  cooling  coils.  The  friction  of  the  cooling 
mediimi  in  the  pipe  becomes  excessive  when  pipe  smaller  than  13^  in.  is  used;  and  when  a  pipe 
larger  than  2  in.  is  used,  the  cooling  surface  is  too  small  for  the  volume  of  the  pipe. 

In  designing  buildings  where  refrigeration  is  used,  the  following  floor  loads  per  sq.  ft.  may 
Hdo  used:  in  cold  storage  plants,  175  to  250  lb.  depending  upon  the  goods  to  be  stored:  under 
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freezing  tanks,  375  lb.  for  300-lb.  can  tanks;  and  under  ice  storage  rooms,  use  60  lb.  per  cu.  ft. 
for  the  weight  of  the  ice. 

In  still  air,  3000  lin.  ft.  of  l)^-in.  pipe  can  be  used  for  one  expansion  valve.  When  the 
pipe  is  submerged  in  brine,  as  is  the  case  in  a  freezing  tank,  not  more  than  600  lin.  ft.  should 
be  used. 

Four  inches  of  oorkboard  insulation  should  be  used  on  rooms  where  a  temperature  of  25  to 
35  deg.  F.  is  to  be  obtained;  6  in.  should  be  used  for  temperatures  of  from  0  to  25  deg.  F. ;  and 
8  in.  should  be  used  for  temperatures  below  this.  Foiu*  inches  of  insulation  is  sufficient  under 
freezing  tanks,  although  some  designers  prefer  6  in. ;  12  in.  of  granulated  cork  is  used  around  the 
side  of  freezing  tanks.  Insulation  for  cold  storage  buildings  should  not  be  broken  at  each  floor 
but  should  be  continuous  and  should  be  laid  on  top  of  the  roof  construction  and  between  lajrers 
of  concrete  on  the  floor,  as  in  Figs.  3  and  4.  Insulation  on  the  floor  of  a  room  should  be 
]Mx>tected  by  3  to  4  in.  of  concrete  as  in  Fig.  4. 

The  amount  of  power  required  per  ton  of  refrigeration  naturally  varies  with  the  design  of 
the  plant.  An  average  figure  is  1.5  hp.  In  the  simimer  months  the  amount  of  power  required 
¥nll  be  about  1.75  hp.,  and  during  the  winter  months,  this  rate  will  be  about  1.3  hp.  Absorp- 
tion machines  require  about  35  lb.  of  steam  per  hr.  per  ton  of  refrigeration. 

Electricity  at  1  ct.  per  kw.-hr.  and  coal  at  $4  per  ton  can  be  considered  as  equivalent  when 
considering  power  costs  of  a  plant  of  equal  efficiency. 

The  average  plant  requires  for  make  up  piu-poses,  1  lb.  of  ammonia  per  10  tons  of 
refrigeration. 

Pboperties  op  Food  Pboducts  Kept  in  Cold  Storage 


Product 


Temperature 
carried 


Specific  heat 


Above  f reesing 


Below  freeiinc 


Latent  heat 
of  f  reesing 


Apples 

Beef  frosen 

Butter 

Cabbage 

Carrots 

Cheese 

Cream 

Eggs 

Fish — dried 

Fish — fresh — frosen 

Fruits — fresh 

Fruits — dried 

Game  to  freese 

Ice 

Ice  cream 

Lobster 

Milk 

OsTsters 

Pork 

Pototoes 

Poultry 

Veal 

Vegetables 


32-33 
0-16 
0 
33 
33 
33 
33 
30-32 
0-15 
0-15 
32-36 
35-40 
0-16 
25 
0 

35 

35 

36 

34 

0-15 

32-36 

34-35 


0.92 

0.77 

0.64 

0.03 

0.87 

0.64 

0.68 

0.76 

0.68 

0.82 

0.02 

0.84 

0.80 

1.00 

0.76 

0.81 

0.90 

0.84 

0.51 

0.80 

0.78 

0.70 

0.91 


0.41 

0.48 
0.46 

0.38 
0.40 
0.43 
0.43 


102 

84 

129 

118 

84 
100 
111 
111 


0.42 

105 

0.604 

144 

0.38 

82 

0.42 

108 

0.47 

124 

0.44 

114 

0.30 

56 

0.42 

105 

102 

0.39 
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SECTION  U 

COMlffUNICATING  SYSTEMS 

Bt  C.  M.  Janskt 

The  modem  method  of  oral  communication  between  persons  at  some  distance  apart  is  by 
some  form  of  the  telephone.  The  particular  kind  of  telephone  sjrstem  to  be  installed  in  any 
case  will  depend  upon  local  conditions,  such  as  distance  and  the  publicity  or  privacy  of  the  sys- 
tem. If  the  general  pubHc  is  to  be  permitted  to  communicate  at  pleasure  with  persons  in  the 
building,  then  undoubtedly  the  telephone  connections  will  be  made  with  the  central  telephone 
exchange.  If  the  number  of  calls  are  relatively  few  and  concern  only  a  few  people,  then  each 
telephone  may  be  connected  directly  with  the  central  office.  On  the  other  hand,  where  any  one 
of  a  number  of  persons  may  be  called  or  may  wish  to  communicate  with  persons  outside  of 
the  building,  there  is  usually  installed  a  local  or  private  branch  exchange.  By  private  branch 
exchange  is  meant  a  telephone  system  complete  in  itself  and  adapted  to  bring  into  communica- 
tion any  two  subscribers  in  a  comparatively  small  community,  such  as  a  business  establish- 
ment or  hotel,  or  any  of  these  subscribers  with  any  of  those  connected  to  a  regular  exchange. 
Such  an  intercommunicating  system  Ib  usually  installed  by  the  telephone  company  in  accordance 
with  its  specifications  and  is  maintained  by  it.  Where  a  private  branch  exchange  switchboard 
or  a  basement  terminal  is  installed,  it  is  necessary  to  carry  at  least  two  wires  from  each  telephone 
to  the  central  distributing  point  in  the  building.  Where  these  buildings  are  served  by  means  of 
a  cable,  it  is  generally  necessary  to  extend  a  building  cable  and  establish  one  or  more  branch 
terminals,  from  which  the  distribution  wires  are  taken.  Hence,  the  importance  of  making  ade- 
quate provision  in  advance  for  such  cabling  and  wiring.  It  is  advisable  to  have  such  provision 
in  the  building  plans,  otherwise  the  walls  may  be  disfigured  by  unsightly  open  wiring,  or  it  may  be 
necessary  to  make  openings  through  walls,  floors,  and  partitions  after  the  completion  of  the 
building.  All  details  for  making  these  provisions  will  be  furnished  by  the  telephone  company 
to  the  architect  or  builder  upon  request  and  consultation. 

1.  Location  of  Distributing  Frame.' — Local  conditions  will  often  determine  the  location 
of  the  distributing  frame.  There  are,  nevertheless,  some  general  considerations  which  should  be 
heeded.  Where  conditions  permit,  the  frame  is  often  mounted  on  the  wall  behind  the  switch- 
board. Whether  such  a  location  is  possible  will  depend  upon  the  point  of  entrance  of  the  cables 
from  the  outside.  In  every  case  it  is  advisable  to  locate  the  frame  as  near  to  the  switchboard 
and  as  near  the  point  of  entrance  of  the  cables  as  conditions  will  permit,  thus  reducing  to  a 
minimum  the  length  of  cable.  The  frame  should  always  be  mounted  where  it  will  be  easily 
accessible  for  repairs  and  where  it  will  not  be  subject  to  dampness  and  mechanical  injury. 
From  the  frame  the  wires  are  carried  to  the  switchboard  through  switchboard  cables  along  a 
cable  rack,  or  in  a  wooden  conduit  3  to  4  in.  square  in  cross  section.  This  cable  runway  is 
fastened  to  a  wall  or  railing,  or  is  supported  a  short  distance  above  the  floor  by  means  of  sup- 
poi-ting  iron  frame  work.  The  distributing  frame  and  cable  rack  should  be  securely  bolted 
together  and  fastened  to  the  wall  and  floor  with  lag  screws. 

2.  Location  of  Switchboard.' — The  private  branch  exchange  switchboard  should  be  located 
on  a  solid  floor  free  from  vibration,  and,  if  a  lamp  signal  board,  in  a  position  such  that  strong  light 
will  not  shine  on  its  face  so  as  to  subdue  the  lamp  signals.  Where  a  distributing  frame  is  not 
mounted  behind  it,  the  switchboard  should  be  placed  not  less  than  18  in.  from  a  wall  or  railing 
so  as  to  permit  inspection  freely.  Where  a  frame  is  installed  behind  the  board,  a  space  should 
be  left  between  the  two  so  as  to  permit  free  access  to  the  frame  connections  and  to  the  back  of 
the  board. 
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Sometimet,  in  place  of  »  diatributinc  frame*  a  croM  connecting  box  is  used.  This  should  be  located  where 
it  will  be  free  from  dampness  and  mechanical  injury*  and  where  it  ii  easily  accessible  for  inspection  and  repairs. 
It  is  often  placed  near  a  pipe,  elevator,  or  dumb  waiter  shaft  so  that  the  distributing  wires  and  cables  can  be  run 
directly  to  the  different  floors.  A  typical  installation  oi  cables,  switchboard,  cross  connecting  box,  etc.,  is  shown 
in  Fig.  1. 

8.  Tdephone  Wiring  Classification.! — ^It  is  customary  to  divide  buildings  for  wiring  pur- 
poses into  three  classes:  apartment  buildings,  offices,  and  hotels.  Under  the  term  apartment 
buildings  are  included  all  those  larger  than  single  houses  or  stores  and  smaller  than  office  build- 
ings. Such  buildings  may  contain  living  and  office  apartments,  and  also  stores,  generally  on 
the  ground  floor. 

In  an  apartment  building  the  maximum  niunber  of  telephones  is  seldom  more  than  one  per 
apartment.  The  class  of  service,  however,  is  very  difficult  to  forecast.  In  planning  communi- 
cation facilities  for  such  buildings,  it  is  advisable  to  provide  for  one  circuit  from  each  telephone 
to  the  distributing  center. 


Fig.  1. 


To  make  satisfactory  and  adeqxiate  provision  for  a  communication  system  for  an  office  building  ii  a  difficult 
pa>oblem  for  many  reasons:  The  number  of  telephones  to  be  installed  will  depend  upon  the  character  of  the  business, 
location  of  building,  requirements  of  individual  tenants,  business  of  tenant,  and  duration  of  tenancy. 

When  planning  for  a  communication  system  for  an  office  building,  provision  should  be  made  for  the  installa- 
tion of  one  or  more  private  branch  exchanges  as  well  as  a  central  distributing  basement  terminal  at  which  the 
service  cables  end. 

The  wiring  provisions  for  a  hotel  will  depend  upon  the  sise,  location,  tjrpe,  and  kind  of  building.  Usually 
provision  should  be  made  for  at  least  one  private  branch  exchange  and  a  basement  terminal. 

4.  Installation  of  Subscribers'  Sets. — By  subscriber's  set  is  meant  the  patron's  telephone 
together  with  all  necessary  wiring  from  the  terminal  board.  As  a  result  of  many  years'  ex- 
perience, the  telephone  companies  have  developed  certain  standard  methods  of  installation 
which  have  proved  satisfactory  in  practice. 

As  a  rule  the  telephone  proper,  that  is,  receiver  and  transmitter,  are  located  to  suit  the 
convenience  of  the  user.  As  a  general  rule  it  may  be  stated  that  the  telephone  should  be  located 
in  a  light  and  quiet  place.  A  wall  set  should  be  mounted  so  that  the  center  of  the  transmitter 
with  face  vertical  is  about  4  ft.  9  in.  above  the  floor.  The  wall  should  be  solid  or  some  other 
support  should  be  used  to  avoid  vibration.  The  set  should  not  be  located  near  grounded  me- 
tallic objects,  such  as  radiators,  registers,  sinks,  water  and  steam  pipes,  or  near  electric  fixtures, 
because  of  the  possibility  of  the  patron  receiving  electric  shock.  In  business  offices  where  the 
telephone  is  frequently  used  by  one  person,  it  is  customary  to  mount  the  set  or  some  parts  of 
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h  on  the  patron's  desk.  Fig.  2'  shows  the  moat  desirable  locations.  Locations  1  and  1-A  Kre 
preferable  for  mounting  the  bell  boxes  of  a  common  batt«ry  desk  set.  If  it  is  desired  to  conceal 
the  box,  it  may  be  mounted  under  the  desk  at  locations  indicated  by  2  and  2-A. 


Cellar  wim  Liifti  and  Plosfer  Ceding 


Cfelbr  irttticiut  Lath  and  Ptasfer  Celling 
Fia.  S. 

^ce  the  ringer  of  the  magneto  set  must  be  conveniently  accessiUe  to  the  user,  the  best 
locations  for  it  are  at  3  or  3-A.  Another  method  of  disposing  of  the  ringer  box  for  desk  sets  is 
shown  in  Fig.  3. 

6.  Substation  Wiring. — When  the  locations  for  the  telephones  have  been  selected,  consid- 
eratiou  should  be  given  to  the  beat  means  of  running  the  wiring,  and  if  posuble,  provisions  should 


be  made  for  concealing  them.  When  no  private  branch  exchange  is  to  be  installed,  the  wires 
are  usually  brought  into  the  building,  as  shown  in  Fig.  4.  FVom  the  protectors  the  wires  are 
then  run  to  the  subscriber's  seta.  The  routes  to  be  followed  and  the  type  of  installation  to  be 
employed  will  depend  upon  local  conditions.     The  route  should  be  as  direct  as  poasible  and 
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bU  wiring  should  be  inconspicuous  and  protected.     Figs.  JS  to  9  inclusive  show  how  this  probhm 
is  wived  under  different  co 


fl,  Intercommunicatliic  Tdephonei. — While  all  telephone  syBt«ms  permit  intercommuni- 
cation, the  terms  intercommunicating  telephones,  or  interphones,  is  used  to  designate  the  ar- 
rangement of  several  sets  of  telephones  such  that  any  station  can  call  any  other  station  without 


the  aswatance  of  a  central  operator.  Such  systems  are  used  extensively  in  factoriea,  offi 
apartment  buildings,  stores,  and  targe  private  dwellings  as  they  afford  a  ready  means  of  a 
munit»tion  between  diffwent  departments. 
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Telephone  systems  for  intercommusi  cation  may  be  operated  cither  by  a  local  battery  for 
the  talking  circuit  and  a  magneto  for  Bigoalling,  or  they  may  be  operated  entirely  from  a  oonunon 
battery.     When  the  common  battery  type  is  used,  two  sets  of  batteries  are  invariably  employed 
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7.  Common  Battor  Interphone  Systems. — Most  of  the  manufacturers  of  standard  tele- 
phone apparatus  also  manufacture  interoommunicatinK  telephone  apparatus.  In  general  the 
princifdea  of  operation  of  the  different  makes  are  the  same,  but  each  has  some  distinctive  method 
of  connection  for  ringing. 

At  each  station  is  s  telephone  set,  either  a  wall  set  containing  the  keys  and  talking  set.  or 
a  desk  stand  with  a  separate  key  box!    Each  wall  set,  or  desk  set  key  box  has  a  series  of  buttons, 


each  one  numbered  or  lettered  to  indicate  the  lino  it  controls.  Typical  common  battery  int«r- 
communicating  sets  are  shown  in  Figs.  11,  12,  and  13.  An  apartment  house  set  with  letter 
boxes  is  shown  in  Fig.  14.  A  person  at  one  station  wishing  to  talk  to  one  of  the  other  stations 
preesee  the  corresponding  button  down  to  the  ringing  position,  and  the  desired  station  is 
signalled.  When  this  button  is  pushed  down,  any  other  button  in  the  set,  which  might 
happen  to  be  depressed,  is  automatically  restored,  thus  clearing  the  station  of  any  previous 
connection.  When  the  jM^ssure  is  removed  the  button  comes  back  to  a  halfway  or  talking 
position,  BO  that  as  soon  as  the  called  station  receiver  is  removed  the  talking  conneotions 
are  complete. 
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SECTION  13 
LIGHTNIKG  PROTECTION 
Bt  C.  M.  Janbky 

1.  Kature  of  Lightning. — ^Lightning,  as  ordinarily  understood,  is  the  discharge  of  atmoi- 
pheric  electricity  between  clouds,  or  between  clouds  and  the  earth.  This  conception  is  in  some 
respects  inadequate  although  it  does  seem  to  state  what  one  actually  sees.  A  more  modem 
conception  assumed  that  the  breaking  up  and  recombination  of  water  particles  results  in  dee- 
trification  of  the  clouds  and  atmosphere.  This  electrification  produces  stresses  in  the  ether, 
and  the  lightning  discharge  is  an  equalization  of  these  stresses.  In  this  respect,  lightning  may 
be  compared  to  the  breaking  of  a  piece  of  glass  which  has  been  rapidly  chilled  and  thereby  filled 
with  internal  stresses.  When  the  outer  surface  of  such  a  piece  of  glass  is  scratched,  it  suddenly 
breaks.  The  internal  stresses  are  relieved  by  rupturing  the  glass.  The  breaks  in  the  glaae 
follow  the  lines  of  least  resistance,  or  along  the  weakest  lines  of  the  glass.  The  influence  of 
these  internal  stresses  is  made  manifest  in  all  parts  of  the  glass.  Similarly,  a  lightning  dischaife 
is  a  redistribution  or  equalization  of  the  stresses  in  the  ether  produced  by  the  accumulation  of 
electricity  in  the  clouds.  This  explains  why  an  electric  shock  is  often  felt  at  points  remote 
from  the  place  of  the  direct  stroke.  The  discharge  sets  up  electromagnetic  waves  in  the  ether 
somewhat  in  the  same  manner  as  waves  are  set  up  in  water  when  a  disturbance  takes  place  at 
some  point  in  it. 

The  internal  stresses  in  the  suddenly  chilled  pieces  of  glass  may  be  relieved  in  two  different 
ways:  one  by  suddenly  reducing  the  constraining  force  of  the  envelop  at  one  point  and  thus 
causing  an  explosion;  and  the  other  by  reheating  the  glass  uniformly  and  thus  permitting  the 
gradual  equalization  of  the  stresses.  In  an  analogous  way  the  equalization  of  the  electrical 
stresses  in  the  ether  may  be  brought  about  by  the  sudden  release  of  the  forces  along  a  noor 
conducting  path;  and  the  other,  by  a  gradual  readjustment  or  discharge  along  some  conducting 
path. 

The  problem  of  lightning  protection  of  buildings  oonsista  in  providing  conducting  paths  for  the  rdAtivelj 
■low  and  gradual  dissipation  of  the  electrification,  and  if  the  sudden  discharge  cannot  be  avoided,  to  at  least  reduce 
its  destructive  effect  to  a  minimum.  These  conducting  paths  consist  of  copper,  aluminum,  or  iron  wire  in  the  form 
of  lightning  rods. 

Although  the  exact  character  of  the  lightning  discharge  between  (flouds  is  not  known,  it  is  quite  well  estab- 
lished that  it  is  oecUlatory  when  taking  place  through  objects  on  the  earth's  surface.  The  lightning  discharge  is 
not  a  rush  of  electricity  in  one  direction,  but,  like  a  steel  spring  when  it  is  deflected  and  released,  it  swings  past  the 
point  of  equilibrium,  so  the  lightning  discharge  oscillates  several  hundred  thousand  and  perhaps  millions  of  times 
per  second.  This  oscillatory  character  of  the  discharge  introduces  certain  factors  in  lightning  rod  design  aod  in- 
stallations that  are  usually  neglected  when  designing  conductors  for  low  frequency  electric  current. 

2.  Electrical  Conductors. — The  energy  of  an  electric  current  when  flowing  through  a  con- 
ductor is  dissipated  as  heat.  When  the  current  is  of  low  frequency,  the  heat  is  developed 
throughout  the  whole  cross  section  of  the  conductor.  When  a  high  frequency  altomating  cur^ 
rent  passes  through  a  conductor,  the  energy  is  converted  into  heat  only  on  the  outer  surface  of 
the  conductor,  and  as  electric  radiations  into  space.  The  electrical  resistance  of  a  conductor 
is  of  practically  no  importance  as  far  as  the  question  of  dissipating  the  high  frequency  energy 
of  a  lightning  discharge  is  concerned.  Thus  from  an  electrical  point  of  view,  it  matters  litUc 
whether  copper,  aluminum,  or  iron  is  used  for  the  lightning  conductor.  From  the  viewpoint 
of  durability,  the  copper  and  aluminum  take  precedence. 

Composite  conductors — that  is,  conductors  made  of  different  materials — should  not  be  used.  Unlew  the 
two  materials  are  combined  in  the  form  of  an  alloy — or  unless,  when  one  is  used  as  a  coating  for  the  other*  they  are 
in  intimate  contact  and  the  coating  is  of  considerable  thickness — electrolytic  action  will  sooner  or  later  deTd<^ 
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3.  Protection  Providad  by  Lightning  Rods. — Pethapa  the  moet  extended  invcBtigationa  u 
to  the  eSectiveaesB  of  lightning  rods,  were  carried  out  under  the  guidance  of  Prof.  W.  H.  Day 
of  the  Ontario  Agricultural  CoUt^.    Hia  coQclusiona  may  be  briefly  aummarixed  aa  follows: 


It  bsildinca  irith  Meal  fmna  work,  mil  gionndsd,  a 


uticallr  UchtniDs  proot. 


i.  LiBtaUatlon  and  Ualntenance  of  Lightning  Rods. — If  lightning  roda  are  not  properly 
md  maintained,  they  may  prove  an  element  of  danger  instead  of  protection;  hence 
the  following  simple  rules  should  be  carefully  observed;* 

4a.  HaterlaL — If  proper  precautions  for  maintenance  are  taken,  double  galvan- 
iied-iron  conductors  may  be  used  instead  of  copper  or  aluminum.    No  conductor  smaller 
than  No.  2  copper  or  No.  00  aluminum  A.W.G.,  or  No.  1  iron  B.  W.O.  should  be  used.    Comt»- 
nation  wires  are  not  advised  on  account  of  dura- 
bility.   The  conductor  may  have  any  form  that 
will  give  durability  and  convenience  in  installation. 

46.  Location. — The  exact  location 
and  number  of  rods  to  be  used  in  any  case  will 
depend  upon  the  shape  of  the  building.  Two 
main  vertical  rods  should  be  provided  at  each 
end  of  the  building,  and  in  addition,  each  tower, 
spire,  or  chimney  should  be  protected  by  vertical 
rods  (Fig.  1).  Likewise  short  vertical  rods  should 
be  erected  along  minor  pinnacles  and  all  should  be 
connected  by  horizoutal  conductors.  The  vertical 
points  along  the  ridge  should  be  spaced  not  more 
than  20  to  30  ft.,  and  the  first  should  be  not  over  * 
5  ft.  from  the  end.  The  vertical  rods  need  not  ex- 
ceed 4  to  5  ft.  in  height  except  those  on  or  beside 
chimneys,  cupolas,  or  other  similar  prominences; 
theseshouldext«nd  at  least  18  in.  above  the  highest 
point.    The  vertical  rods  should  be  of  the  same  material  as  the  horizontal  conductors. 

4c.  Grounding. — Grounding  is  one  of  the  moet  important  features  of  ii 
tion.  Unless  the  grounding  is  eSective,  the  rods  may  do  more  harm  than  good.  The  first 
essential  of  a  good  ground  is  to  extend  the  conductors  to  a  depth  sufficient  to  ensure  contact 
with  permanent  moist  earth,  hence  proximity  to  rain  water  pipes  and  to  drains  is  desirable. 
The  exact  depth  will  depend  upon  local  conditions  but  the  conductor  should  extend  at  least  8  ft. 
below  the  surface.  It  ia  a  very  good  plan  to  make  the  conductor  divide  cloee  below  the  surface 
of  the  ground  and  adopt  either  of  two  methods  for  securing  the  escape  of  the  lightning  into  the 
earth.  A  strip  of  copper  tape  may  be  led  from  the  bottom  of  the  rod  to  the  nearest  water  main, 
not  merely  to  a  lead  pipe,  and  be  soldered  to  it;  or  a  tape  may  be  soldered  to  a  sheet  of  copper 
3  X  3  ft.  at  least  Ha  m.  thick,  buried  in  permanently  wet  earth,  and  surrounded  by  cinders  m' 
coke.  Where  iron  is  used  for  the  rod,  a  galvanized  iron  plate  of  similar  dimensions  should  be 
employed.  Instead  of  the  plate,  there  are  advantages  of  using  a  tubular  earth  connection  coih 
sisting  of  a  perforated  steel  pipe  driven  t^htly  into  moist  ground  and  lengthened  up  to  the  sui^ 
face.  A  conductor  reaching  to  the  bottom  and  packed  with  granulated  charcoal,  is  aa  effective 
an  area  aa  a  plate  of  larger  surf  ace,  and  can  easily  be  kept  moist  by  connectingit  with  the  nearest 

I  liEhtnlna  Roda,  Bui.  No-  220,  Ontario  Asrioultunl  Collase. 
Uahtninc  aod  Usbtnlnc  Conducton,  Farmsn'  Bui,  No.  307,  U.  S.  Dept.  of 
Ughtnlnj  Bodi,  E.  1.  B«cg,  Stwidud  Bsndbook  f<a  El«trii»l  Encinean. 
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drain  water  pipe.     To  prevent  injury,  the  grounding  cables  should  be  protected  to  a  height  of 
6  to  8  ft.  above  the  ground  by  nailing  boards  around  them. 

4cL  Construction. — All  roof  metals,  such  as  finiab,  ridging,  rain-water  and  venti- 
lating pipes,  metal  bowls,  lead  flashing,  gutters,  etc.,  should  be  well  grounded.  Sonoie  reconuneod 
that  these  metal  portions  be  connected  to  the  conductors;  others,  like  Sir  Oliver  Lodge,  suggest 

that  it  is  advisable  to  connect  these  metal  parts  together  and  then 
ground  them  rather  than  connect  them  to  the  conductor,  as  this  in- 
troduces an  element  of  danger. 

All  large  masses  of  metal  in  the  building  should  be  connected  to 
earth,  either  directly  or  by  means  of  a  lower  horizontal  conductor. 

Where  roofs  are  partUlly  or  wholly  metal  lined,  they  should  be  conneetsd  to 
earth  by  means  of  vertical  rods  at  several  points,  preferably  at  the  lower  oorMn^ 
never  from  the  ridge.  Gas  pipes  should  be  kept  as  far  away  as  poaaible  from  Ihit 
positions  occupied  by  lightning  conductors,  and,  as  an  additional  proteeticm.  tbe 
service  mains  to  the  gas  meter  should  be  metallically  connected  with  houae  ■errioes 
leading  from  the  meter. 

All  lightning  conductors  should  be  metallically  connected  with  the  buiMing. 
The  fastenings  whether  nails,  staples,  or  clips  should  preferably  be  of  the.sams 
material  as  the  conductor.     A  good  method  of  fastening  a  galvanised  iron  rod  to  a  chimney  is  shown  in  ^Ig.  2. 
Where  the  conductors  change  direction,  all  sharp  bends  should  be  avoided. 

46.  Maintenance. — ^If  galvanized-iron  conductors  and  rods  are  used,  the  whole 
system  should  receive  two  coats  of  aluminum  paint,  and  the  painting  should  be  repeated  eveiy 
few  years.  The  system  should  likewise  be  regularly  inspected,  especially  after  a  heavy  wind 
storm  or  in  the  spring  after  a  severe  winter. 


FiQ.  2. 


SECTION  14 

VACUUM  CLEANING  EQUIPMENT 

Bt  Charles  R.  Goughenour 

• 

1.  The  Application  of  Air  to  Vacuum  Cleaning. — The  importance  of  air  as  the  essential 
cleaning  agent  has  not  been  properly  recognized  by  the  vacuum  cleaning  industry.  The  trade 
name,  vacuum  deanery  should  more  correctly  have  been  air  cleaner^  for  the  very  reason  that  a 
large  volume  of  air,  moving  at  a  high  velocity,  is  the  only  agent  by  means  of  which  dirt  or  dust 
can  be  removed  by  a  commercial  vacuum  cleaner. 

It  is  impossible  to  use  air  as  a  cleaning  agent  unless  some  method  is  used  to  cause  the  air 
to  move;  t.6.,  a  machine  to  produce  pressure  or  partial  vacuum,  as  vacuum  alone  would  be  an 
empty  space  if  air  was  not  supplied. 

A  conductor  is  necessary  to  convey  the  air  from  the  point  being  cleaned  to  the  machine 
or  vacuum-producer,  and  to  convey  the  foul  air  from  the  machine  or  vacuum-producer  to  the 
place  of  disposal,  such  as  a  stack,  chimney,  etc.  The  conductor  consists  of  a  suitable  tool, 
flexible  vacuum  hose,  pipe  of  adequate  size,  separating  tank  and  exhaust. 

There  are  consequently  four  essential  parts  necessary  in  a  Stationary  Air  Cleaning  System; 
namely,  the  machine,  the  conductor,  the  air  or  volume,  and  the  vacuum.  In  taking  up  these 
parts  it  is  necessary  to  treat  each  one  separately. 

la.  The  Machine. — One  who  does  not  possess  a  working  knowledge  of  the 
different  types  of  machines  now  on  the  market  will  find  himself  in  a  very  undecided  state  of 
mind  as  to  which  type  of  machine  has  embodied  in  it  the  correct  principle  of  design,  since  all 
manufacturers  claim  their  particular  machine  to  be  the  best.  In  order  to  choose  a  machine, 
it  is  necessary  to  consider  the  following  points:  first  cost  of  machine,  cost  of  maintenance  (i.e. 
repairs,  power  consumption,  etc.),  efficiency,  and  last,  but  not  least,  the  ability  of  the  machine 
to  do  the  work. 


It  is  evident  that  a  machine  designed  with  least  complication  of  parts  can  be  manufactured  and  sold  at  Ii 
cost  than  a  "machine  of  many  parts,  and  that  a  machine  so  designed  will  require  less  expenditure  for  repairs  and 
lees  power  consumption. 

It  is  also  evident  that  the  efiBciency  of  the  machine  will  depend  on  the  simplicity  of  design  and  least  friction 
in  the  moving  parts.  Machines  constructed  on  the  principle  of  the  positive  blower  and  piston  type,  having  large 
rubbing  surfaces  and  complicated  valves,  can  hardly  compare  on  this  point  with  the  modem  high  speed  centrifugal 
fan,  with  but  two  ball  bearings  as  a  rubbing  surface  to  produce  friction. 

The  ability  of  these  tyi>es  to  do  the  work  can  only  be  judged  by  the  amount  of  air  they  displace.  The  first 
two  types  of  machines  have  a  small  capacity  for  air  displacement;  the  latter  machine,  designed  on  the  centrifugal 
fan  principle,  has  a  very  large  air  displacement  for  the  same  amount  of  power  consumed. 

lb.  The  Conductor. — The  main  part  of  the  conductor  of  a  Stationary  Vacuum 
Cleaning  System  is  the  pipe.  This  should  be  of  wrought  iron,  with  a  smooth  interior,  free 
from  all  fins  or  burrs,  with  long-turn,  recessed  type  drainage  fittings.  The  pipe  should  be  of 
adequate  size,  so  that  the  vacuum  loss  will  not  be  excessive,  with  the  use  of  a  velocity  not  less 
than  2000  ft.  per  min.,  and  should  allow  the  free  passage  of  match  sticks,  cigar  stubs,  etc.  The 
pipe  inlets  should  be  not  less  than  2-in.  diameter  to  allow  the  use  of  any  standard  diameter  of 
vacuum  hose. 

The  vacuum  hose  should  be  constructed  of  light,  flexible  material,  reinforced  with  spring 
steel  wire.  The  hose  should  also  be  of  ample  size  to  allow  the  free  passage  of  such  coarse  articles 
as  are  spoken  of  in  the  preceding  paragraph,  and  to  prevent  an  excessive  loss  of  vacuiun  due  to 
the  passage  of  the  large  volume  of  air  necessary  at  the  tool  for  effective  cleaning. 

The  tool  used  for  cleaning  has  been  neglected  by  many  manufacturers.  It  is,  however, 
a  very  important  part  of  the  conductor.    The  tool  should  be  so  designed  as  to  be  operated  with 

1401 


1402  HANDBOOK  OF  BUILDING  CONSTRUCTION  [Sm.  14-k 

ease  and  rapidity,  and  constructed  along  such  lines  as  to  make  it  adaptable  to  the  particolir 
surface  to  be  cleaned,  as  well  as  durable  and  easily  renewable. 


The  equipment  will  generally  conaiat  of  a  large  variety  of  tools,  designed  and  conotrueted  for  special 
The  carpet  and  hardwood  floor  tools  are  always  given  the  most  attention  because  of  their  frequent  use  and  scrse 
service.  The  earpet  tool  should  be  of  light  material,  such  as  aluminum  or  its  equal,  with  a  ahoe  of  aome  feard 
substance,  such  as  steel  or  phosphor  bronse  for  rubbing  surface.  This  will  resist  wear  and  wiO  not  beoome  sharp  ssd 
rough;  thus  the  fabric  being  cleaned  will  be  saved  from  injury.  The  hardwood  floor  tool  should  be  eonstnwted 
on  the  same  principle  as  the  earpet  tool  and  should  have  a  non-abrasive  rubbing  surface,  such  ••  felt,  rubber,  or 
some  similar  substance,  to  prevent  scratching  or  marring  of  the  floor.  The  general  dimensions  of  these  tools  will 
depend  on  the  volume  of  air  displaced  per  tool  by  the  machine  or  vacuum-producer. 

There  are  two  methods  used  in  dealing  with  the  separation  of  the  dirt  from  the  air;  namely,  wet  and  dry. 
In  the  wet  system  the  dirt  and  dust-laden  air  is  caused  to  come  in  contact  with  water  in  the  form  of  spray  or  a 
forced  to  pass  through  a  chamber  partly  filled  with  water.  The  water  thus  dissolves  and  holds  in  suspension  pstt 
of  the  dirt,  and  then  this  solution  is  run  into  a  sewer.  A  portion  of  the  dust,  however,  is  carried  in  the  air 
through  the  water  in  the  form  of  bubbles.  This  dust-laden  air  is  then  carried  through  the  valves  and 
of  the  vacuum-producer  used  with  this  system  of  dust  separation,  causing  great  wear  and  abrasion  of  these  aeev- 
ately  machined  parts.  The  exhaustion  of  this  air  under  pressure  into  a  sewer  is  also  being  condemned  in  bubj 
cities  by  the  health  authorities,  owing  to  the  fact  that  it  produces  back  pressure  in  the  sewer,  causins  aewer  gsi  to 
be  forced  into  the  building,  carrying  with  it  the  usual  odor  and  unsanitary  conditions.  The  dry  separation  of 
the  dust  and  dirt  from  the  air  necessitates  the  removal  of  dirt  from  the  separator  in  its  dry  state.  It  is  then  burned. 
The  foul  air  passes  through  the  exhaust  into  the  outside  atmosphere.  The  small  amount  of  dust  carried  out  hy 
the  air  in  this  manner  is  scarcely  perceptible  to  the  eye.  If  the  tank  is  of  sufficient  capacity,  the  eleanins  of  It  will 
be  necessary  only  once  or  twice  per  month. 

Ic,  Volume  and  Vacuum. — It  is  necessary  to  discuss  volume  and  wicuum  under 
the  same  head,  owing  to  the  close  relation  existing  between  them.  As  has  been  stated  before, 
the  volume  of  air  is  the  one  essential  agent  in  vaccum  cleaning.  In  order  to  cause  the  removal 
of  dust  and  dirt,  it  is  necessary  to  have  a  large  volume  of  air  in  motion.  Vacuum  is  only  the 
difference  of  air  pressure  causing  the  flow  of  this  volume.  The  proper  relation  between  vacuum 
and  volume  in  a  vacuum  cleaning  system,  together  with  the  pipe  sjrstem  of  adequate  sise  to 
accommodate  this  volume  without  undue  loss,  determines  the  economy  of  the  system  in  regjud 
to  power  required  to  operate,  as  well  as  the  ability  of  the  system  to  do  effective  and  thorough 
cleaning.  Experiments  made  with  high-vacuum  low-volume  machines,  in  comparison  with 
low-vacuum,  high-volume  machines,  prove  that  there  must  be  a  proportionately  larger  power 
consimiption  to  maintain  the  high-vacuum  for  the  same  effective  cleaning.  This  is  aLx>  shown 
by  the  commercial  rating  of  the  motors  connected  to  these  different  types  of  machines. 

It  is  evident  that  the  correct  principle  and  design  is  that  embodied  in  the  large-volume  low-vacifum  machhis. 
Architects  and  engineers  have,  at  times,  specified  40  cu.  ft.  of  free  air  displacement  per  nun.  at  the  tool  for  the 
high-vacuum  machines,  and  60  to  80  cu.  ft.  of  free  air  displacement  per  min.  at  the  tool  for  the  low-vacuum  machines 
for  the  same  effective  cleaning.  In  order  to  have  the  same  effective  cleaning,  each  machine  should  displace  from 
60  to  80  cu.  ft.  of  free  air  per  min.,  with  0.8  to  1  in.  of  mercury  at  the  tool. 

Therefore,  by  placing  vacuum  and  volume  in  their  proper  relation  to  each  other,  the  whole  discussion  is  fioallj 
brought  down  to  the  point  that  vacuum  is  only  the  cause  by  which  air  is  put  in  motion.  An  inch  of  merenry  !■ 
very  ample  for  effective  cleaning  with  the  displacement  of  60  to  80  cu.  ft.  of  air  at  the  tool.  When  a  machine 
can  be  designed  to  maintain  these  requirements  without  undue  power  consumption,  a  perfect  vacuum  cleaning 
system  will  be  realized.  The  nearest  approach  to  these  conditions  is  found  in  the  principle  and  design  of  the  power" 
ful  high-speed  centrifugal  fan,  which  possesses  the  inherent  capacity  for  large  volume,  constant  vacuum,  and  small 
power  consumption. 

2.  Relation  of  Volume  and  Vacuum  to  Horsepower. — In  order  to  obtain  a  clear  concep- 
tion of  the  relation  the  above  factors  bear  to  each  other,  it  it  necessary  to  arrange  the  factors 
in  the  form  of  a  curve,  to  which  the  following  article  pertains. 

On  the  diagram  accompanying  this  article,  vacuum  has  been  used  as  ordinates  on  the  left- 
hand  side,  and  horspower,  as  ordinates  on  the  right-hand  side,  volume  being  plotted  as  abscissa. 
To  avoid  confusion,  the  horsepower  has  been  plotted  for  only  one  specific  case,  that  of  a  piston, 
centrifugal  or  positive  exhauster,  with  a  rated  capacity  of  80  cu.  ft.  of  air  displacement.  This 
may  be  varied  for  any  case  by  using  the  following  formula,  which  has  been  developed  from  the 
steam  engine  formula  for  horsepower  of  an  engine: 
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in  which  hp,  "  horsepower. 

Q  —  rated  displacement  of  ezhaiuter  in  cubic  feet  per  iiiiaut«. 

P  —  difference  of  air  prMsure  of  vacuum  in  pounds  per  square  inch. 

I^m  a  well-known  law  of  Fbyaics,  the  volume  of  a  gas  at  constant  tempentun  vsriM 
invenely  as  the  pressure;  i.e.,  if  the  pressure  is  doubled,  the  volume  is  reduced  one-half;  and 
again,  if  the  pressure  is  reduced  one-half,  the  volume  is  doubled.  Thus,  one  can  see  if  air  at 
14.7  lb.,  or  atmospheric  pressure  at  sea  level,  is  rareSed  one-half,  or  a  partial  vacuum  cd  prac- 
tically 15  in.  of  mercury  is  attained,  the  volume  of  air  is  increased  to  twice  the  amount,  but  the 
weight  or  density  of  the  air  is  only  one-half  for  the  same  volume  as  it  was  at  atmospheric 
pressure. 

A  perfect  vacuum  is  equal  to  practically  30  in.  of  mercury  column.  Thus,  when  an  ex- 
hauster or  vacuum-producer  maintoins  a  vacuum  of  10  in.  of  mercury,  the  air  in  the  system  is 
rarefied  3SH%,  as  10  in.  of  mercury  is  just  one-third  of  a  perfect  vacuum.  Therefore,  the 
amount  of  free  air  displaced  would  not  be  equal  to  the  rated  capacityof  the  exhauster,  but  only 
WH%  ot  the  rated  capacity.     (Friction  in  the  machine  is  not  taken  into  consideration  here.) 

Wl:i«n  tit  b«oomca  nrflficd  to  Aoy  snat  exteDt.  Ita  deiulty  li  mo  imaJl  tZut  It  loses  its  tsIiu  m  ft  oIbkdIiis  SSB&i. 
Air  muat  bars  dsnaity  uid  be  uKcuted  with  Urge  voliuiw  in  otder  lo  lift  uid  taitf  with  it  the  dirt  and  dntt  with 

oonlMt. 

lUal  to  Tntlnt^lii  ■  hich  1 

auHi  k  hi(h  vdocit: 
Iocs  with  ■  hlch  volui 


oDBumption  of  a  larsa  unouDt  of  Bnaru. 
df  Tmmfled  or  Usht-nisht  sir,  «id  doee  not  prodao»  the  olouiinc  elTeet 
IS  of  lii  ami  ktmoapharls  daniity,  or  dau  full  wciiht,  with  the  proper 


ontil  A  point  ii  n 


B  ui  ahiolutalr  perfeat  ti 
would*  therefore,  have  nc 

which  it  ia  imrefied.     As 


lum,  the  sir  would  be  (o  nvefisd  that  It  would  have  no 
Dst-esrryins  ospsdty,  ss  sir  kses  its  earrTins  espael^ 
le  vscuum  is  frsduallr  redueed.  the  densitr  of  the  mil 


Elpalmeots  OODdueted  by  the  EniiiueHns  DepsitmeDt  of  The  United  Electrio  Companr  hare  iiroren  that 
k  TBoaom  of  M  to  l>j  in.  ol  meroury  at  the  tool,  aeconUns  to  the  serrioe  requiremsnts,  i*  very  ■atlttsetorr  when 
■Bsoosted  with  a  Isrge  volume  of  sir.  The  reaiatance  at  the  aii  passing  through  the  hoae  and  pipe,  from  the  point 
bttns  olesnsd  to  the  vseuum-produoer,  uusm  b  tou  of  racuum  in  proportion  to  the  liie  and  length  o(  the  pipe. 
He  passage  of  the  voluiue  of  sir.  which  is  necesssry  to  do  effeeUve  aleaning,  through  the  Terr  small  pipe  that  la 
used  and  reoonunended  by  the  manufacturen  of  high-racuum  machines  esuses  so  great  ft  loss  that  the  Tscuqm 
at  th«  tool  will  Dot  eieeed^  to  I H  in-  ottnereiuy,  even  though  10  or  IS  in,  are  maintained  at  the  Tftmum-produeer. 
SInea  the  Tsouum-producer  is  displseing  rarefied  air,  the  amount  of  free  air  entering  the  tool  is  redneed  dlreotly 
in  proportion  to  the  vscuum  maintained,  se  explained  in  the  foregoing  paragraphs. 

By  referring  to  the  frcB-alr  diapUeemEnt  autre,  it  will  Im  notieed  that  a  Tacuum-prodnear  hftTing  a  rated 
dlqilacement  of  80  cu.  ft-  of  air,  maintaining  10  in.  of  Taeuum,  oonsuming  l.Tl  hp„  will  disptsoe  only  sbout  ^ 
on.  ft.  of  free  sir.  When  the  saioe  volume  of  free  air  Is  displsoed  st  a  Taeuum  of  3  in.,  (he  power  eansumedia  only 
*Ke  of  O.M  -  0.32  hp.     (This  docs  not  take  into  coneideTsUDn  the  friction  in  the  vseuum-produeer.}     Thus. 

oould  be  eoDveyod  to  ths  vscuum-produoer,  snd  the  same  vacuum  maintained  at  the  oriflae  of  the  tool  at  thst  ihown 
fay  the  high  vacuum-producer.     This  would  roult  in  the  same  quality  of  cleaning. 

The  diagtsm  show*  that  a  vacuum-produear  must  have  an  inharoDt  oapadty  for  s  Urge  volume  of  air  near 
atmonpharie  density,  with  only  sufficient  vacuum  to  overeome  the  vaeuum  loaa  due  to  the  friatioo  In  the  pipe  (wUah 
should  be  of  adwiuate  sise  to  eonvey  the  large  volume  of  air)  snd  prodnee  s  vaeiram  of  K  in.  In  the  •malkat  to  IM 
In.  In  the  Isrsest  eleftatag  tool  while  in  sarrloe. 
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3.  Loss  of  Vacuum  in  Pipe  and  Hose. — The  first  essential  in  the  specification  of  a  vacuum 
cleaning  system  is  a  working  knowledge  of  the  loss  or  drop  in  vacuum  due  to  the  paasa^  d 
air  through  pipe  and  hose. 

The  tables  which  follow  are  based  on  Weisbach's  well  known  formula: 

•^  d2g 

iji  which  P  »  pressure  or  vacuum  loss  in  pounds. 

/  =  constant. 

L  =  length  of  pipe  in  feet. 

V  =  velocity  of  air  in  feet  per  second. 

d  =  actual  internal  diameter  in  inches. 

g  =  32.2  -  gravity. 

The  constant  (f)  has  been  established  by  Weisbach  in  his  experiments  on  air  moving  under 

conditions  of  low  pressure  and  velocity  through  large  pipes,  such  as  are  used  in  ventilating 

systems.     The  numerical  value  of  this  constant  as  found  by  Weisbach  is  0.0001608  for  lb.  per 

sq.  in.,  or  0.0003283  for  inches  of  mercury. 

Vacuum  cleaning,  like  any  other  air  propoaition,  must  be  experimented  with  to  obtain  a  eanatant  that  will 
give  satisfactory  results  for  this  condition;  namely ,  large  volume  and  high  velocity  under  low  Taoaum  conditioai 
through  medium-sited  pipes.  Investigation  and  experiments  made  in  the  United  Electric  Company's  laboratofy 
are  confirmed  at  the  Armour  Institute  of  Technology.  These  investigations  establish  the  numerical  ▼mlosoltUi 
constant  at  0.00010/VO  for  lb.  per  sq.  in.,  or  0.0002143  for  inches  of  mercury.  Including  the  ralue  of  Sa  or  M.4, 
the  oonstant  is  0.000003320  for  inches  of  mercury.     The  formula  then  becomes: 

P  «  0.000003329  -— - 

a 

in  which  P  —  vacuum  loss  in  inches  of  mercury. 

L  —  length  of  pipe  in  feet. 

V  =  velocity  of  air  in  feet  per  second. 

d  ■■  actual  internal  diameter  in  inches. 


Vacuum 

Loss  IN 

Inches 

OP  Mercury 

poR  100  Ft.  of  Standard  Wrouoht-ibon  Pip« 

Dia.  in  incbcs 

1 

1        m 

1 

1 

3.021|        0.091 

i>i 

2 

2H 

3 

3H 

4 

V 

5 

6 

40 

0.462 

0.132 

0.054 

0.018 

0.009 

0.0047 

0.0027 

0.0015 

O.O006 

00  ,        8.822 

2.230 

1.040 

0.296 

0.122 

0.041 

0.020 

0.0106 

0.0061 

0.0034 

0.0014 

80 

15.683 

3.965 

1.849 

0.527 

0.217 

0.073 

0.036 

0.0188 

0.0107 

0.0061 

0.0034 

100 

24.505 

6.105 

2.889 

0.823 

0.340 

0.114 

0.055 

0.0294 

0.0167 

0.0095 

0.0038 

120  i    •35.286 

8.920 

4.160 

1.186 

0.489 

0.166 

0.079 

0.0423 

0.0240 

0.0137 

0.0054 

160  ■    

15.858 

7.395 

2.108 

0.870 

0.293 

0.141 

0.0762 

0.0428 

0.0243 

O.OOM 

5 

180      

20.071 

9.360 

2.668 

1.101 

0.371 

0.179 

0.0952 

0.0649 

0.0308 

O.OISI 

3 

200 

24.779 

11.555 

3.293 

1.360 

0.458 

0.221 

0.1176 

0.0668 

0.0380 

0.0151 

a 

240 

•35.681 

16.039 

4.742 

1.958 

0.659 

0.318 

0.1692 

0.0977 

0.0M8 

0.0318 

u 

300  !    

25.999 

7.410 

3.059 

1.031 

0.497 

0.2644 

0.1603 

0.0860 

0.0341 

K 

320      

29.581 

8.431 

3.481 

1.172 

0.565 

0.3008 

0.1711 

0.0974 

0.0388 

u 

tea 

o 

•** 

o 

.p. 

JO 

360 
400 
420 
480 
500 

10.671 
13.174 
14.524 
18.960 
28.584 

4.405 
5.439 
5.996 
7.832 
8.498 

1.484 
1.832 
2.020 
2.638 
2.863 

0.716 
0.883 
0.974 
1.272 
1.371 

0.3808 
0.4700 
0.5183 
0.6769 
0.7345 

0.2197 
0.2673 
0.2991 
0.3906 
0.4176 

0.1233 
0.1523 
0.1677 
0.3101 
0.3377 

0.0491 
0.0606 
0.0668 
0.0873 
0.0873 

3 

u 

600      

29.640 

12.237 

4.122 

1.987 

1.0577 

0.6013 

0.3433 

0.1363 

700 

16.666 

5.611 

2.706 

1.4396 

0.8185 

0.4660 

0.1855 

800 

21.766 

7.328 

3.533 

1.8803 

1.0091 

0.6086 

0.3438 

900 

27.534 

9.273 

4.471 

2.3798 

1.3530 

0.7703 

0.3066 

1000 

•33.902 

11.450 

6.520 

2.9380 

1.6704 

0.9510 

0.3786 

1100       



13.866 

6.679 

3.5560 

2.0212 

1.1607 

0.4581 

1200 

16.488 

7.949 

4.3207 

2.4054 

1.3694 

0.5463 

1.300 
1400 
1500 

19.361 
22.442 
35.763 

9.329 
10.819 
12.421 

4.9652 
6.7585 
6.6105 

2.8230    1.60721 

0.6398 
0.7430 
0.8518 

3.2740 
3.7684 

1.8630 
3.1307 



. 

1 

i        ■        1 

Denotes  impossible  loss — 29.922  hg.  inches  equals  perfect  Tsouum. 
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Vacdum  Loss  in  Inches  of  Mebcuby  for  100  Ft.  of  Standard  Vacuum  Hose 


Dia.  in  inches 

H 

1 

IK 

IH 

IH 

2 

2H 

2>i 

10 

1.316 

0.311 

0.102 

0.041 

0.019 

0.010 

0.005 

0.003 

20 

5.262 

1.245 

0.407 

0.163 

0.077 

0.039 

0.022 

0.013 

5 

30 

11.840 

2.802 

o-.oie 

0.369 

0.173 

0.087 

0.049 

0.029 

9 
a 

40 

21.050 

4.081 

1.628 

0.656 

0.307 

0.155 

0.086 

0.051 

"i 

50 

•32.890 

7.783 

2.544 

1.024 

0.479 

0.242 

0.135 

0.080 

60 

11.207 

3.664 

1.475 

0.690 

0.349 

0.194 

0.115 

0, 

la 

70 

15.254 

4.987 

2.008 

0.940 

0.475 

0.264 

0.157 

•a 

80 

19.924 

6.514 

2.623 

1.227 

0.620 

0.345 

0.205 

*© 

90 

25.216 

8.244 

3.319 

1.553 

0.785 

0.437 

0.259 

100 

•31.131 

10.178 

4.098 

1.917 

0.969 

0.540 

0.320 

«s 

110 

12.315 

4.959 

♦    2.320 

1.174 

0.653 

0.387 

.s 

120 

14.656 

5.901 

2.761 

1.395 

0.777 

0.460 

d 

o 

130 

•   •••••« 

17.201 

6.926 

3.241 

1.638 

0.912 

0.540 

140 

19.949 

8.032 

3.758 

1.899 

1.058 

0.627     . 

150 

22.900 

1 

9.220 

4.314 

2.180 

1.214 

0.719 

*  Denotes  impoosible  loee — 29.922  hg.  inches  equals  perfect  vacuum. 


4.  The  Use  and  Abuse  of  Vacuum  Hose. — Much  has  been  said  as  to  the  use  and  abuse  of 
the  vacuum  hose  used  in  connection  with  an  air  cleaning  system.  This  particular  part  of  the 
installation  receives  the  hardest  wear  and  tear.  At  the  same  time  it  is  the  weakest,  and  the 
most  expensive  part  of  the  installation. 

For  the  above  reason  architects  and  engineers  should  impress  upon  the  minds  of  owners 
and  building  managers  the  importance  of  careful  attention  to  this  part  of  the  system. 

In  order  to  reduce  the  amount  of  vacuum  hose  necessary,  the  piping  BjnBtem  should  be  more  extensive;  that  is, 
provided  with  a  greater  number  of  risers  and  inlets  throughout  the  building  than  has  been  the  custom  in  specifications 
of  the  past. 

Therefore,  architects  and  engineers  should  specify  a  piping  system  consisting  of  a  sufficient  number  of  risers  and 
nleta,  so  that  the  system  will  not  require  the  use  of  more  than  50  ft.  of  vacuum  hose  in  public  buildings  and  25  ft. 
n  residences;  thus  giving  better  service  at  less  cost  of  maintenance. 

6.  Velocity  Table. — The  table  of  velocities  accompanying  this  article  is  tabulated  for  a  wide 
range  of  volume,  in  order  to  be  of  value  for  any  size  of  machine,  ranging  from  that  used  in  the 
modem  home  to  the  machine  designed  for  service  in  large  buildings. 

The  actual  internal  cross-sectional  area  of  wrought-iron  pipe  is  used  in  the  calculation  of 
the  table,  so  as  to  conform  exactly  with  conditions  as  found  in  practice.  The  values  given  in 
the  table  are  used  with  Weisbach's  common  formula  in  the  calculation  of  the  table  for  loss  in 
vacuum.    The  velocities  for  air  in  standard  vacuum  hose  have  also  been  tabulated. 
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Vblocitt  < 

OF 

AlK 

IN 

Fbst  PKK 

MlMTTTB 

IN  StA 

NDARD 

Wbodgbt-ouin  Pin 

Dia.in 

inchct 

1 

1« 

IH 

9 

3M 

3 

8H 

4 

4H 

5 

• 

40 

6660 

3850 

964( 

»        179( 

}        1900 

777 

589 

60 

10000 

5779 

4951 

(        9571 

(        1807 

1170 

873 

80 

13330 

7603 

5674 

\       34» 

1        9400 

15^ 

1164 

100 

16660 

9615 

7001 

1       4991 

I        8019 

1949 

1456 

1131 

120 

20000 

11540 

8511 

1       5151 

1       3614 

9339 

1747 

1357 

10S8 

160 

15390 

1135< 

)        68M 

I        4890 

3118 

9329 

1810 

1444 

1152 

180 

17320 

19761 

I       7721 

(        5493 

3509 

9620 

9036 

1695 

1206 

1 

900 

19220 

141« 

(       8581 

1       6095 

3899 

2911 

2963 

1805 

1441 

240 

1702( 

>      1030( 

)       7939 

4678 

3495 

9715 

9166 

1736 

1196 

B 

300 

219W 

>      1987< 

>       9041 

5847 

4366 

3393 

9707 

2160 

1496 

1      320 

1 
k   1    • « ■  •  1 

137S( 

>       9649 

6936 

4660 

3691 

9889 

2306 

1585 

& 

.      360 



.    ■ 

1  •  •  •  < 

15454 

>      10940 

7019 

5249 

4072 

3948 

2504 

1795 

^ 

400 

1  •  •  • 

17161 

1      19050 

7796 

5829 

4595 

3610 

2881 

1994 

3 

420 

»   •   ■    » 

18034 

)     19650 

8188 

6114 

4759 

3791 

302S 

2082 

1 

1     480 

2059( 

}      14450 

9357 

0990 

5429 

4331 

M72 

9392 

500 



15060 

9745 

7277 

5655 

4512 

2002 

2491 

600 

.   ■    .    . . 

18070 

11690 

8733 

6786 

5422 

43» 

9881 

3 

700 

.    !  91080 

13640 

10180 

7917 

6315 

5042 

3489 

w 

800 

1      900 

1000 

j    1100 

1    1200 

1300 

1400 

1500 

15590 
17540 
19490 

11640 
13060 
14540 
16010 
17470 
18820 
1  20360 
'  21630 

9049 

10180 

11310 

'  19440 

i  13570 

1  14700 

j  15640 

16970 

7290 

8122 

9025 

9930 

10830 

11740 

12630 

13540 

5768 
6488 
7204 
7920 
8660 
9800 
10000 
10610 

3988 
4485 

4984 
5492 
8882 

6480 
6979 
7477 

Velocitt  op  Aik  in  Fkkt  pu  Minttb  in  Standakd  VAcxnt  H< 


ru 

.olhvw 

** 

1 

1^* 

IS 

1»4 

2 

lU 

2M 

IB 

tBC-hc* 

10 

3E9ISS 

1S35 

1X73 

816 

«e 

456 

881 

2M 

20 

«^SJ6 

96^W 

3346 

1631 

12t\S 

915 

1         ^** 

888 

^ 

9 

30 

9^M 

550I 

3519 

2447      ! 

1S07 

1373 

1067 

882 

a 

40 

1X^70 

rS39 

4692 

3262      ■ 

^10 

IsiJl 

1468 

1176 

s 

30 

1«S40 

9174 

5865      i 

407*     : 

3013 

23S6 

1611 

1478 

40 

l!KIO 

IIOIO 

4894      j 

3614 

2746 

2174 

1764 

«k 

TO 

i2SSC 

12S40 

6SI1 

5709 

4i:7 

U04 

2588 

2988 

1 

$0 

2#I40 

14<«0 

93S4 

6525 

4*;* 

3««1 

23811 

S52 

^ 

90 

2MX2 

liilO 

14M0 

7140      . 

S*£i 

4119 

8361 

2646 

s 

:o*> 

JL>$^ 

InUO 

11730 

8t» 

40M 

4*77 

88a 

2948 

fc 

:n> 

ao:» 

1900 

8972 

Md6 

5«X» 

38«5 

8284 

« 

:» 

,    ,        _    , 

iacdo 

I4aW 

97*7 

rs» 

M« 

4848 

8528 

w 

:x» 

■              -    k 

£»50 

ISUO 

lOlMO 

rw: 

1»W 

4718 

8822 

j 

:« 

. 

£5^90 

1*420 

II4J0 

j4M 

*4* 

«72 

4116 

:w 

STiSi 

ITJIIO 

L±S» 

*.vw 

*W.5 

54M 

4410 

OBHEKAL  NOTATIOV 


dBBaetion  af  bMtna. 


b  -  brndtb  of  bMm. 
il  -  d»pth  ot  b«am  to  eentsr  of  >(eal. 
k  -  ntio  o[  depth  of  neutral  aiia  to  dapth.  d. 
>  -  depth  below  (op  to  naultant  of  the  BompnxlVB  Ml 
j  —  ratio  of  lever  arm  of  rialatiDa  coupla  to  depth,  d, 
id  >  d  —  I  -  arm  ol  ~'-*'"i  onvtle. 


WT-beam. 

»- width 

olflaac^ 

V  -  width 

Mioia«v>. 

b)  Beuna  Reinfo 

p'-BlMlra 

/.'  -  oompre 

eeive  unit  etrse  b  eteel 

C  -  (oUl  o> 

C  -  total  o< 

<r  -  depth  . 

r  -  depth  1 

toieeulMntoiCandC 

(d)  Shear.  Bond  . 

-  total  ghiBT  piodudnc  etreea  in  reind 
V  bond  Blrna  per  unit  area  of  bar 


T*  •  total  Btreaa  ia  linale  reiaforciac  manibi 
a  —  horiaontal  epadof  of  reiaforcioj  memt 
M  Columna 

A,  —  area  of  lonsitudiiial  atesL 
A,  -  area  of  eoDaret*. 
P  -  total  Mfe  load. 


APPENDIX  B 
STANDARD  SI^CIFICATIONS  FOR  PORTLAin>  CBMEST^ 

These  specifications  are  the  result  of  several  yean'  work  of  a  special  committee  iiUMrtwliRa  a  Caited  BMm 
Government  Departmental  Committee,  the  Board  of  Direction  of  the  American  Society  of  Civil  Engiiieefs,  ftsd 
Committee  C-1  on  Cement  of  the  American  Society  for  Testing  Materials  in  cooperation  with  CommHteQ  C-1. 

1.  Deflnitioii. — Portland  cement  is  the  product  obtJuncd  by  finely  pulverisinc  dinker  produced  by  T^fi****! 
to  incipient  fusion,  an  intimate  and  properly  proportioned  mixture  of  argillaceous  and  calcaxwHia  materiala,  with  so 
additions  subsequent  to  calcination  excepting  water  and  calcined  or  uncalcined  gjrpaiim. 

I.  Chkhical  PaorsBTiBs 

2.  Chemical  limits. — The  follo«-ing  limits  shall  not  be  exceeded: 

Loss  on  ignition,  % 4  .QQ 

Insoluble  residue.  *^ 0.85 

Sulphuric  anhydride  ^SOi),  r, 8 .00 

Magnesia  (MgO).  "^ 5.00 

II.  Physical  PBorsKTiKS 


3.  Specific  Gravity. — The  specific  gra\-ity  of  cement  shall  be  not  less  than  3. 10  (.3.07  for  white  PortkuKl  csmeat). 
Should  the  test  of  cement  as  received  fall  below  this  requirement  a  second  test  may  be  made  upon  an  ignited  sample 
The  specific  gravity  test  will  not  be  made  unless  specifically  ordered. 

4.  fineness. — The  residue  on  a  standard  No.  200  sieve  shall  not  exceed  22  r^  by  weight. 

5.  Soondness. — A  pat  of  neat  cement  shall  remnin  firm  and  hard,  and  show  no  signs  of  distortioin,  cfmddBi. 
ehecking,  or  disintegration  in  the  steam  test  for  soundness. 

0.  Time  of  Setting. — The  cement  shall  not  develop  initial  set  in  less  than  45  min.  when  the  Vicat  naedle  is  vmd 
or  60  min.  when  the  Gillmore  needle  is  used.     Final  set  shall  be  attained  within  10  hr. 

7.  Tensile  Strength. — The  average  tensile  strength  in  pounds  per  square  inch  of  not  leas  than  three  standard 
mortar  briquettes  composed  of  1  part  cement  and  3  parts  standard  sand,  b}-  weight,  shall  be  eqnal  to  or  Ughsr  thas 
the  foUowing: 


.Vge  at  t^»t.  ...  Tensile  strength. 

.  ^torage  of  briquettes  ,. 

days  lb.  per  sq.  in. 


7  1  day  in  moist  air,  6  da}*s  in  water  200 

2S  1  day  in  moist  air.  27  da}-s  in  water  300 


8.  The  average  tensile  strength  of  «tandard  mortar  at  2S  days  shall  be  higher  than  the  stroictk  at  7  dsya 

III.  Packages,  Majisxng  and  SroaAGE 

9.  Packages  and  Marking. — The  cement  shall  be  delivered  in  suitable  hags  or  barrels  with  i^  fasaad  aad 
name  of  the  manufacturer  idainly  marked  thereon,  unless  shipped  in  bulk.  A  hag  shall  contain  94  lb.  net.  A  barrel 
shall  contain  :{76  lb.  net. 

10.  Storage. — The  cement  shall  be  stored  in  such  a  manner  as  to  permit  easy  access  for  proper  ina|w<liim  aad 
identification  of  each  shipment,  and  in  a  suitable  weather-tight  building  which  will  protect  the  cement  tx%t^  damp* 

ness. 

IV.  iNspEcnox 


11.  Inspection. — Every  facility  shall  be  provided  the  purchaser  for  careful  sampling  and  inaimijim  at  cither 
the  mill  or  at  the  site  of  the  work,  as  may  be  specified  by  the  purchaser.  At  least  10  days  from  the  time  «f  aanpliiw 
shall  be  allowed  for  the  completion  of  the  7-day  test,  and  at  least  31  days  shall  be  allowed  for  the  rompktion  of 
the  2S-day  test.  The  cement  shall  be  tested  in  accordance  with  the  methods  hereinafter  pieecribed.  The  IS^tj 
test  shall  be  waived  onl>-  when  specifically  so  ordered. 

V.  RxjEcnox 

12.  Rejection. — The  cement  may  be  rejected  if  it  fails  to  meet  any  of  the  requirements  of  tKcne  S|irrificatiom 

13.  Cement  shall  not  be  rejected  on  account  of  failure  to  meet  the  fineness  requirement  if  upoA  letcat  after 
drying  at  100  deg.  C.  for  1  hr.  it  meeta  this  requirement. 

14.  Cement  failing  to  meet  the  test  for  sovindness  in  steam  may  be  accepted  if  it  passes  a  rctcst  «ciac  a  new 
sample  St  any  time  within  28  da}-s  thereafter. 

15.  Packages  \-«r>ing  more  than  S*",  from  the  specified  weight  may  be  rejected:  and  if  the  aTwa^e  najghi  of 
packag^  in  any  shipment,  as  shown  by  weighing  50  packages  taken  at  random,  is  less  than  that  speeiftcd.  the  cntira 
shipment   E:ay  be  rejected. 

I  Th«e  specifications  were  adopted  by  letter  ballot  of  the  .^mcneaa  Society  for  Tcaiiag  Matcrwfe  oa  Sept.  1. 
19 Id,  and  became  effective  Jan.  1. 1917. 
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APPENDIX  C 
SPECIFICATIONS  FOR  STRUCTURAL  STEEL  FOR  BUILDINGS 

(American  Society  for  Testing  Materials) 

I.  Masjjtactubm 

1.  Proeeaa. — (a)  Structural  steel,  except  as  noted  in  Paragraph  (b),  may  be  made  by  the  Bessemer  or  the  open- 
heftrth  process. 

(b)  Rivet  steel,  and  steel  for  plates  or  angles  over  ^  in.  in  thickness  which  are  to  be  punched,  shall  be    knade 
by   the  open-hearth  process. 

II.  Chsmical  Pbopxrtziui  and  Tests 

2.  Cktmiad  Compotition^. — The  steel  shall  conform  to  the  following  requirements  as  to  chemical   composition: 


Structural  Steel 


Rivet  Steel 


_.        ,  f  Bessemer not  over  0.10% 

\  Open-hearth not  over  0.06% not  over  0.06% 

Sulfur not  over  0 .045  % 

3.  LadU  Analyaea. — An  analysis  of  each  melt  of  steel  shall  be  made  by  the  manuffcoturer  to  determine  ths 
percentages  of  carbon,  manganese,  phosphorus  and  sulfur.  This  analysis  shall  be  made  from  a  test  ingot  taken 
during  the  pouring  of  the  melt.  The  chemical  composition  thus  determined  shall  be  reported  to  the  purchaser  or 
his  representative,  and  shall  conform  to  the  requirements  specified  in  Section  2. 

4.  Cheek  Analyaea. — Anal}rses  may  be  made  by  the  purchaser  from  finished  material  representing  each  melt. 
The  phoaphorus  and  sulfur  content  thus  determined  shall  not  exceed  that  specified  in  Section  2  by  more  than  26 
per  cent. 

III.  Physical  Propxbtixs  and  Tests 

5.  Tension  Teata. — (a)  The  material  shall  conform  to  the  following  requirements  as  to  tensile  properties: 


Properties  considered 

Structural  steel 

Rivet  steel 

Tensile  strength,  lb.  per  sq.  in 

55,000-65,000 

0.5  tens.  str. 
1,400,000* 

Tens.  str. 
22 

46,000-56,000 
0.5  tens.  str. 
1,400,000 

Tens.  str. 

Yield  point,  min.,  lb.  per  sq.  in '] 

Rlongation  in  8  in.,  min..  per  cent. .......                    .... 

Elongation  in  2  in.,  min.,  per  cent 

*  See  Sect  6. 

(b)  The  yield  point  shall  be  determined  by  the  drop  of  the  beam  of  the  testing  machine. 

6.  Modificationa  in  Elonoation. — (a)  For  structural  steel  over  ^  in.  in  thickness,  a  deduction  of  1  from  the 
I>eroentage  of  elongation  in  8  in.  specified  in  Section  5(a)  shall  be  made  for  each  increase  of  H  ii^-  ii^  thickness 
above  ^  in.,  to  a  minimum  of  18  per  cent. 

(b)  For  structural  steel  under  He  in.  in  thickness,  a  deduction  of  2.5  from  the  percentage  of  elongation  in  8  in. 
tpedfied  in  Section  5(a)  shall  be  made  for  each  decrease  of  He  in-  in  thickness  below  He  in. 

7.  Bend  Teata. — (a)  The  test  specimen  for  plates,  shapes  and  bars,  except  as  specified  in  Paragraphs  (b)  and 
(e),  shaU  bend  cold  through  180  deg.  without  cracking  on  the  outside  of  the  bent  portion,  as  follows:  For  material 
^  in.  or  under  in  thickness,  flat  on  itself;  for  material  over  H  in.  to  and  including  1^  in.  in  thickness,  around  a  pin 
the  diameter  of  which  is  equal  to  the  thickness  of  the  specimen;  and  for  material  over  1>^  in.  in  thickness,  around 
a  pin  the  diameter  of  which  is  equal  to  twice  the  thickness  of  the  specimen. 

(b)  The  test  specimen  for  pins,  rollers  and  other  bars,  when  prepared  as  specified  in  Section  8  (e),  shall  bend 
cold  through  180  deg.  around  a  1-in.  pin  without  cracking  on  the  outside  of  the  bent  portion. 

(e)  The  test  specimen  for  rivet  steel  shall  bend  cold  through  180  deg.  flat  on  itself  without  cracking  on  the  out> 
side  of  the  bent  portion. 

8.  Teat  Specimena. — (a)  Tension  and  bend  test  specimens  shall  be  taken  from  rolled  steel  in  the  condition  in 
which  it  comes  from  the  rolls,  except  as  specified  in  Paragraph  (b). 

1  Until  otherwise  ordered  by  the  Society,  the  rejection  limits  for  sulfur  in  all  steels  and  for  phosphorus  in  acid 
steels  shall  be  raited  0.01  %  abors  the  values  given  in  these  spedfieations. 
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(6)  Tension  and  bend  test  spedmene  for  pina  and  roUera  ehall  be  taken  from  the  finished  bars,  after  annaslim 
when  annealing  is  specified. 

(c)  Tension  and  bend  test  specimens  for  plates,  shapes,  and  bars,  except  as  specified  in  Paragraphs  (d),  (<),  snd 
(/),  shaU  be  of  the  full  thickness  of  material  as  rolled;  and  may  be  machined  to  the  form  and  dimensions  shows  in 
Fig.  1,  or  with  both  edges  parallel 

(d)  Tension  and  bend  test  specimens  for  plates  over  IH  i>^  ^  thickness  may  be  machined  to  a  thifiVnMi  or 
diameter  of  at  least  H  in-  'or  a  length  of  at  least  0  in. 

(e)  Tension  test  specimens  for  pins,  rollers  and  bars  orer  IH  ^  in  thickness  or  diameter  may  confonn  to  tin 
dimensions  shown  in  Fig.  2.  In  this  caae^  the  ends  shaU  be  of  a  form  to  fit  the  holders  of  the  testing  macihiiw  is 
such  a  way  that  the  load  shaU  be  aziaL  Band  test  specimens  may  be  1  by  H  in.  in  section.  The  axis  of  tin 
specimen  shall  be  located  at  any  point  midway  between  the  center  and  surfaoe  and  shaU  be  parallel  to  the  siii 
of  the  bar. 

if)  Tension  and  bend  test  specimens  for  riret  steel  shall  be  of  the  f uU-«ise  section  of  bars  as  rolled. 

0.  Number  of  TuU, — (a)  One  tension  and  one  bend  test  shall  be  made  from  each  melt;  except  that  if  mat«isl 
from  one  melt  differs  M  in.  or  more  in  thickness,  one  tension  and  one  bend  test  shall  be  made  from  both  the  thidnat 
and  the  thinnest  material  rolled. 

(b)  If  any  test  specimen  shows  defective  machining  or  develops  fiaws,  it  may  be  discarded  and  another  spedBMS 
substituted. 

(e)  If  the  percentage  of  elongation  of  any  tension  test  specimen  is  less  than  that  specified  in  Seetion  6  (a)  ssd 
any  part  of  the  fracture  is  more  than  ^  in.  from  the  oenter  of  the  gage  length  of  a  3-in.  specimen  or  is  ontsids  tlie 
middle  third  of  the  gage  length  of  an  8-in.  specimen,  as  indicated  by  scribe  scratches  marked  on  the  spednMB 
before  testing,  a  retett  ahaU  be  allowed. 


JSU 


^^X^igg*- 


FlG.    1. 


bfmthomtiiUffmtnckmayttefan/ibrm  -^-^    '^-^ 

*'         «     '  ■■  ■*  JUL.  ^^IAmb   Mil,     ft  f,, 

Fxo.  2. 


IV.  Pbbmzssibijb  Vabiations  zir  Wbzqhts  and  Thickness 

10.  P«fniMtM«  VoriotiovM. — The  cross  section  or  weight  of  each  piece  of  steel  shall  not  vary  more  than  15 
per  cent,  from  that  specified;  except  in  the  case  of  sheared  plates,  which  ahall  be  covered  by  the  foUowiag 
permissible  variations.    One  cubic  inch  of  rolled  steel  is  assumed  to  weight  0.2833  lb. 

(a)  WKtn  Ordered  to  Weight  per  iSffvore  Fooii  The  weight  of  each  lot*  in  each  shipment  shall  not  vary  from  tht 
weight  ordered  more  than  the  amount  given  in  Tlible  I. 

(6)  When  Ordered  to  Thickneet:  The  thickness  of  each  plate  shall  not  vary  more  than  0.01  in.  under  that  ordered. 
The  overweight  of  each  lot*  in  each  shipment  shall  not  exceed  the  amount  given  in  Table  II. 

V.  Finish 

11.  Finieh. — The  finished  material  shalf  be  free  from  injurious  defects  and  shall  have  a  workmanlike  finish. 

VI.  Mabkxno 

12.  Marking. — The  name  or  brand  of  the  misnuf acturer  and  the  melt  number  shall  be  legibly  stamped  or  roUsd 
on  all  finished  material,  except  that  rivet  and  lattice  bars  and  other  small  sections  shall,  when  loaded  for  ahipment, 
be  properly  separated  and  marked  for  identification.  The  identification  marks  shall  be  legibly  stamped  on  the  end 
of  each  pin  and  roller.     The  melt  number  shall  be  legibly  marked,  by  stamping  if  practicsble,  on  each  test  ■padmsB. 

VII.  iNsmcnoN  ano  Rkjbction 

13.  Inepw^ion, — The  inspector,  representing  the  purchaser  shall  have  free  entry,  at  all  times  while  work  on  the 
oontract  of  the  purchaser  is  being  performed,  to  all  parts  of  the  manufacturers'  works  which  concern  the  maaufse- 
ture  of  the  material  ordered.  The  manufacturer  shaU  afford  the  inspector,  free  of  cost,  all  reasonable  faeUitks 
to  satisfy  him  that  the  material  is  being  furnished  in  accordance  with  these  specifications.  All  tests  (aze^H  ehsek 
analyses)  and  inspection  shall  be  made  at  the  place  of  manufacture  prior  to  shipment,  unless  otherwiae  spadflert. 
and  shall  be  so  conducted  as  not  to  interfere  unnecoessatily  with  the  operation  of  the  works. 

>  The  term  "  lot  '*  applied  to  Table  I  means  all  the  plates  of  each  group  width  and  group  weight. 

>  The  tarm  "lot "  applied  to  Table  II  means  all  the  plates  of  saeh  gronp  width  and  group  thirkmwi 
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14.  Riaieliim. — (a)  Unln*  othcrwiM  ipBdfled.  >ay  rejectiao  bu 
•lull  be  reporWd  wltUii  five  worldni  daya  from  tba  raoaipt  of  iamp)». 

(b)  JiUtaul  whish  (bowi  injurioui  defaota  aubaalluBnt  to  lU  kc 
raJMtod,  »nd  Um  manufacturer  ahall  ba  notiflid. 

IS*  RaAmnrv. — Samplaa  tfittod  in  aecordaDca  witb  Seetioa  4, 
pnan-vad  lor  two  waeka  from  tba  dato  of  tba  taat  nport  lu  sMa  c 
tha  manuhictiiRT  may  m>ka  daim  for  a  nbeajinc  witbio  tbat  tima. 
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Table  I 

- 

'Pbrhissible  Variationb 

o 

■f  PijiTBs  Obderbd  to 

WsiaHT 

ab.  par  K.  It.) 

for  widlhi  gLvrn.  oiprcasBd  in  pprccnligw  of  ordered  wpiihla 

Ordered  weiibt 
(lb  per  aq.  ft.) 

Under 

48  to 
60  Id.. 
aid. 

eoto 

73  in., 

aid." 

90  ID., 

eid. 

MM  1  108  to 

120  to 
132  in., 

o«r 

1 

1 

1 

1 

j 

1 

1 

il 

1 

1 

^ 

1 

1 

1 

1 

J 

1 

Under  S 

6toT.Said.... 
7.S  tolDexd... 
10tol3.Said.. 
ia.5to  IGaid.. 

17.6  to  20 aid.. 
30to36ud.... 
36toS0«d.... 
Wto4aeid.,.. 

B.O 

3.G 

3.0 

3.6 

sio 

3.0 

s 

I 

0 

6 
6 

5 
0 
0 
0 

0 

5 

1 

S 

0 
5 

5 
0 

3.0 

...1 

4.0 

2.6 
3  fi 

2.0| 

.0 

.0 

.5 
,6 
_0 

1 
.0 

'.& 
.5 

.0 

.0 

^0 
.5 

S3 

0 

0 
E 
E 

7.0 
tl.O 
S.6 

4.0 
3.B 

1 

0 

'!o 

1,8 

4^0 
3-6 

3.0| 

.13 
.0 
.0 

.s 

)'.0 

4,6 
4.0 

3 

.0 

Under  B 

S  to  7.5  e.c1. 

7,6tolOeid. 

12.5  to  i'b  aid! 
IS  to  17.fi  eid. 

17.6  to  20  a.Dl 
20  to  26  aid. 
26  to  30  »d. 
30  to  40  eid. 

m  toe  ordarad  naicbt  by  m 


Table  II 

— Pbrmibbible  OvBRwniaBTe 

or  Plates  Ordehdd 

TO  TaiCKNEBB 

Ordered 
tbldinw 

(inobaa) 

Ordend 
tUakntaa 

(indiae) 

Under 
48111, 

48  to 

60  in.. 

eoto 

73  in., 
eid. 

73  to 

84  in.. 
aiel. 

S4to 

»iD., 

96  to 

108  In., 

130  to 

132  in.. 
eid. 

133  in. 

on 

ion 

ino 

I,  n 

B.O 
i.O 

14 
12 

'2 

8 

7 

IS 

0 

Under  M 
«  to  Ha  aid. 
Ma  to  H  Bid. 
H  to  «.  eid. 
Ha  to  H  "d. 
N  to  H.  e«l. 
H>  to  )^  eid. 
M  to  M  aid. 
«  to  K  «»d- 
H  to  1  exd. 

MtoK.eid 

H.to>ie.d 

Wt«>«.«"i 

H.  to  Held 

MtoK.eid 

K.toM«d 

MU»«>d 

MtoK-id 

T 

0 
0 

0 

s 

0 
0 

0 
0 

6 
0 

13 

0 

0 
S 
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SPECIFICATIONS  FOR  CONCRETE  REINFORCEMENT  BARS 


MANUFACTURERS'  STANDARD   SPECIFICATIONS  FOR  CONCRETE  REINFORCE- 
MENT BARS  ROLLED  FROM  BILLETS 

1.  Manu/actwe, — Steel  may  be  made  by  either  the  open-hearth  or  Bememer  proceae.  Bare  shall  be  rolled 
from  standard  new  billets. 

2.  Chemical  and  Phyical  Propertiea. — The  chemical  and  physical  properties  shall  conform  to  the  limits  ss 
shown  in  the  table  on  this  page. 

3.  Chemieol  Determination*. — In  order  to  determine  if  the  material  conforms  to  the  chemical  limitations  pre> 
scribed  in  paragraph  2  herein,  analysis  shall  be  made  by  the  manufacturer  from  a  test  ingot  taken  at  the  time  of  the 
pouring  of  each  melt  or  blow  of  steel,  and  a  correct  copy  of  such  analysis  shall  be  furnished  to  the  engineer  or  his 
inspector. 

4.  Yield  Point. — For  the  purposes  of  these  specifications,  the  yield  point  shall  be  determined  by  careful  obaenra- 
tion  of  the  drop  of  the  beam  of  the  testing  machine,  or  by  other  equaUy  accurate  method. 

5.  Form  of  Specimene. — (a)  Tensile  and  bedding  test  specimens  may  be  cut  from  the  bare  as  rolled,  but  tMisile 
and  bending  test  specimens  of  deformed  bars  may  be  planed  or  turned  for  a  length  of  at  least  0  in.  if  deemed  neees- 
sary  by  the  manufacturer  in  order  to  obtain  imiform  cross  section.' 

(b)  Tensile  and  bending  test  specimens  of  cold-twisted  ban  shall  be  cut  from  the  bare  after  twisting,  and  shall 
be  tested  in  full  sise  without  further  treatment,  unless  otherwise  si>ecified  as  in  (e),  in  which  case  the  conditions 
thereon  stipulated   shall   govern. 

(e)  If  it  is  desired  that  the  testing  and  acceptance  for  oold-twbted  ban  be  made  upon  the  hoi-roUed  ban 
before  being  twisted,  the  hot-rolled  ban  shall  meet  the  requirements  of  the  structural-steel  grade  for  plain  ban 
shown  in  this  specification. 


Structural-steel 
grade 


Properties  considered 


Intermediate  grade 


Hard  grade 


Plain 
ban 


Phosphorus  maximum :  Bessemer 
Open-hearth 

Ultimate  tensile  strength,  lb.  per 
sq.  in 

Yield  point,  minimum,  lb.  per  sq.  in. 

Elongation,  %  in  8-in.  minimum . .  . 

Cold  bend  without  fracture:  Ban 
under  ^-in.  diameter  or  thickness. . 
Ban  ^-in.  diameter  or  thickness 

and  over 

The  intermediate  and  hard  gra 


0.10 
0.06 

36/70,000 

33.000 
1.400,000 


Deformed 
bare 


Plain 
ban 


Deformed 
bare 


Plain 
bare 


Deformed 
bare 


Cold- 
twistMi 


Tens,  str 

180  deg. 

d  -  1( 

180  deg. 

d  -  1( 

des  will  be 


0.10 
0.06 

55/70.000 

33.000 
1,250,000 


Tens,  str 

180  deg. 

d  -  2< 
180  deg. 

d  -  2( 
used  only 


0.10 
0.06 


0.10 
O.OG 


70/85,000  70/85.000 


40,000 
1,300,000 


Tens.  str. 

180  deg. 

d  -  2( 

00  deg. 

d  -  2( 

when  spec 


40.000 
1.125.000 


Tens,  str, 

180  deg. 
d  -  3< 
90  deg. 
d  -  3< 
ified. 


0  10 
0.06 

SOJOOO 
mia 

50.000 
1.200.000 


Tens,  str, 

180  deg. 
d  -  » 
00  deg. 
d  -  31 


0.10 
0.06 

80.000 
min. 

50,000 
1,000,000 


Tens.  str. 

180  deg. 
d  -  41 
00  deg. 
d  -  41 


0.10 
0.06 

Recorded 
only 

55.000 

6% 

180  dec 
d«  2t 

180  dag. 
d  -  31 


■  6.  Number  of  Teete, — (a)  At  least  one  tensile  and  one  bending  test  shall  be  made  from  each  melt  of  open-hearth 
•teel  rolled,  and  from  each  blow  or  lot  of  10  tons  of  Bessemer  steel  rolled.  In  case  bare  differing  H  in*  Mul  moi«  in 
diameter  or  thickness  are  rolled  from  one  melt  or  blow,  a  test  shall  be  made  from  the  thicknest  and  thinnest  matoial 
rolled.  Should  either  of  these  test  specimens  develop  flaws,  or  should  the  tensile  test  specimen  break  outride  of 
the  middle  third  of  its  gaged  strength,  it  may  be  discarded  and  another  test  specimen  substituted  thenfor.    la 

a  tensile  test  specimen  does  not  meet  the  speeifioations,  an  additional  test  may  be  made. 

(b)  The  bending  test  may  be  made  by  pressure  or  by  light  blows. 
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7.  Modtfi^Uiom  in  Elongation  for  Thin  and  Thick  MaieritU. — For  ban  Ims  Uuui  H«  ">•  Mid  more  Uuui  ^  in. 
nominal  diameter  or  thiokneM,  the  following  modifications  shall  be  made  in  the  requirements  for  elongation. 

(a)  For  each  increase  of  H  in*  in  diameter  or  thickness  above  H  u>*  *  deduction  of  1  shall  be  made  from  the 
specified  percental  of  elongation. 

(!>)  For  each  decrease  of  He  in*  in  diameter  or  thickness  below  He  in.  a  deduction  of  1  shall  be  made  from  the 
specified  percentage  of  elongation. 

(e)  The  above  modifications  in  elongation  shall  not  apply  to  cold-twisted  bars. 

8.  Number  of  TvfisU. — Cold-twisted  bars  shall  be  twisted  cold  with  one  complete  twist  in  length  equal  to  not 
more  than  12  times  the  thickness  of  the  bar. 

0.  Finith. — Material  must  be  free  from  injurious  seams,  flaws,  or  cracks,  and  have  a  workmanlike  finish. 
10.  Variation  in  Weight. — Bars  for  reinforcement  are  subject  to  rejection  if  the  actual  weight  of  any  lot  varies 
more  than  5  %  over  or  under  the  theoretical  weight  of  that  lot. 


STANDARD  SPECinCATIONS  FOR  BILLET-STEEL  CONCRETE 

REINFORCEMENT  BARS 


(American  Society  for  Testing  Materials) 

1.  (a)  These  specifications  cover  three  classes  of  billet-steel  concrete  reinforcement  bars,  namely:  plain, 
deformed,  and  cold-twisted.> 

(6)  Plain  and  deformed  bars  are  of  three  grades,  namely;  structural-steel,  intermediate,  and  hard. 

2.  (a)  The  structural-steel  grade  shall  be  used  unless  otherwise  specified. 

(6)  If  desired,  oold-twuted  bars  may  be  purchased  on  the  basis  of  tests  of  the  hot-rolled  bars  before  twisting 
in  which  case  such  tests  shall  govern  and  shall  conform  to  the  requirements  specified  for  plain  bars  of  structura, 
steel  grade. 

3.  Manufacture. — (a)  The  steel  may  be  made  by  the  Bessemer  or  open-hearth  process. 
(b)  The  bars  shall  be  rolled  from  new  billets.     No  re-rolled  material  will  be  accepted. 

4.  Cold-twisted  bars  shall  be  twisted  cold  with  one  complete  twist  in  a  length  not  over  12  times  the  thickness  of 
the  bar. 

5.  ChemiceU  Fropertiet  and  Tette. — The  steel  shall  conform  to  the  following  requirements  as  to  chemical  com- 
position: 

Phosphorus,  Bessemer not  over  0. 10 % 

Open-hearth not  over  0.05% 

6.  An  analysis  of  each  melt  of  steel  shall  be  made  by  the  manufacturer  to  determine  the  percentages  of  car- 
bon, manganese,  phosphorus  and  sulphur.  This  analysis  shall  be  made  from  a  test  ingot  taken  during  the  pouring 
of  the  melt.  The  chemical  composition  thus  determined  shall  be  reported  to  the  purchaser  or  his  representative, 
and  shall  conform  to  the  requirements  specified  in  Sect.  5. 

7.  Analyses  may  be  made  by  the  purchaser  from  finished  bars  representing  each  melt  of  open-hearth  steel, 
and  each  melt,  or  lot  of  10  tons,  of  Bessemer  sted.  The  phosphorus  content  thus  determined  shall  not  exceed  that 
specified  in  Sect.  5  by  more  than  25%. 

8.  Phyeical  Propertiee  and  Teate. — (a)  The  bars  shall  conform  to  the  following  requirements  as  to  tensile 
properties: 


Properties  considered 

Plain  bars 

Deformed  bars 

Cold- 
twisted 
bars 

Structural- 
steel 
grade 

Inter- 
mediate 
grade 

Hard 
grade 

Structural- 
steel 
grade 

Inter- 
mediate 
grade 

Hard 
grade 

Tensile  strength,  lb.  per  sq. 
in. 

Yield  point,  min.,  lb.  persq. 
in. 

Elongation  in  8  in.  min.  %  ^ 

55.000 

to 
70,000 
33,000 

1.400.000 

70.000 

to 
85,000 
40,000 

1.300,000 

80.000 
min. 

50,000 

1.200.000 

55,000 

to 
70,000 
33,000 

1.250.000 

70,000 

to 
85,000 
40,000 

1.125.000 

80,000 
min. 

50,000 

1,000.000 

Reoorded 
only 

55.000 
5 

Tens.  str. 

Tens.  str. 

Tens.  str. 

Tens.  str. 

Tens.  str. 

Tens.  str. 

*  See  Sect.  0. 

(b)  The  yield  point  shall  be  determined  by  the  drop  of  the  beam  ef  the  testing  machine. 

0.  (a)  For  plain  and  deformed  bars  over  ^  in.  in  thickness  or  diameter,  a  deduction  of  1  from  the  percent- 
ages of  elongation  specified  in  Sect.  8(o)  shall  be  made  for  each  increase  of  H  >n.  in  thiokniies  or  diameter  above 
Kin. 
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(b)  For  plain  and  deformed  bar*  under  H«  ">•  ^  thiekneM  or  diameter,  a  deduction  of  1  from  the  pereentagM 
of  elongation  specified  in  Sect.  8(a)  ihall  be  made  for  each  decrease  of  He  in*  in  thickness  or  diameter  bdow  yitin, 

10.  The  test  specimen  shall  bend  cold  around  a  pin  without  cracking  on  the  outside  of  the  bent  portion,  ai 
follows: 


Thickness  or  diameter  of 
bar 

Plain  bars 

Deformed  bars 

Cold- 
twisted 
bars 

• 

Structural- 
steel 
grade 

Inter- 
mediate 
grade 

Hard 
grade 

Structural- 
steel 
grade 

Inter- 
mediate 
grade 

Hard 
grade 

Under  9-i  in 

180  deg. 

d  -  ( 
180  deg. 

d  -  t 

180  deg. 

d  -  2< 
90  deg. 

d  -  2( 

180  deg. 
d  -  3< 
90  deg. 
d  -  3< 

180  deg. 

d  -  t 

180  deg. 

d  -  2( 

180  deg. 
d  -  3( 
90  deg. 

d  -  at 

180  deg. 
d  ^  4t 
90  deg. 
d  -  4t 

180  deg. 

d  -  2f 

180  deg. 

d  -  3C 

• 

^  in.  or  over 

d 

t 


diameter  of  pin  about  which  the  specimen  is  bent, 
thickness  or  diameter  of  specimen. 


11.  (a)  Tension  and  bend  test  specimens  for  plain  and  deformed  bars  shall  be  taken  from  the  finished  ban 
and  shall  be  of  the  full  thickness  or  diameter  of  bars  as  rolled;  except  that  the  specimens  for  deformed  bars  may  be 
machined  for  a  length  of  at  least  9  in.,  if  deemed  necessary  by  the  manufacturer  to  obtain  uniform  erosi  aectioo. 

(b)  Tension  and  bend  test  specimens  for  cold-twisted  bars  shall  be  taken  from  tne  finished  bars,  without 
further  treatment;  except  as  specified  iu  Sect.  2(b). 

12.  (a)  One  tension  and  one  bend  test  shall  be  made  from  each  melt  of  open-hearth  steel,  and  from  each  melt, 
or  lot  of  10  tons,  of  Bessemer  steel;  except  that  if  material  from  one  melt  differs  H  in-  or  more  in  thiekneiB  or  diam- 
eter, one  tension  and  one  bend  shall  be  made  from  both  the  thickest  and  the  thinnest  material  rolled. 

(b)  If  any  test  specimen  shows  defective  machining  or  develops  flaws,  it  may  be  discarded  and  another  speci- 
men substituted. 

(c)  If  the  percentage  of  elongation  of  any  tension  test  specimen  is  less  than  that  specified  in  Seei.  8(a) 
and  any  part  of  the  fracture  is  outside  the  middle  third  of  the  gage  length,  as  indicated  by  scribe  seratohes 
marked  on  the  specimen  before  testing,  a  retest  shall  be  allowed. 

13.  Permianble  Variation*  in  Weight. — The  weight  of  any  lot  of  bars  shall  not  vary  more  than  5%  from  the 
theoretical  weight  of  that  lot. 

14.  Finish. — The  finbhed  bars  shall  be  free  from  injurious  defects  and  shall  have  a  workmanlike  finish. 

15.  Intpeetion  arui  Rejection. — The  inspector  representing  the  purchaser  shall  have  free  entry,  at  all  times  whUs 
work  on  the  contract  of  the  purchaser  is  being  performed,  to  all  parts  of  the  manufacturer's  works  which  concern 
the  manufacture  of  the  bars  ordered.  The  manufacturer  shall  afford  the  inspector,  free  of  cost,  all  reaaonaUe 
facilities  to  satisfy  him  that  the  bars  are  being  furnished  in  accordance  with  these  specifications.  All  tests  (except 
check  analyses)  and  inspection  shall  be  made  at  the  place  of  manufacture  prior  to  stiipment,  unless  otherwise 
specified,  and  shall  be  so  conducted  as  not  to  interfere  unnecceMUirily  with  the  operation  of  the  works. 

16.  (a)  Unless  otherwise  specified,  any  rejection  based  on  tests  made  in  accordance  with  Sect.  7  shall  be  reported 
within  5  working  days  from  the  receipt  of  the  samples. 

(b)  Bars  which  show  injurious  defects  subsequent  to  their  acceptance  at  the  manufacturer's  works  shall  bs 
rejected,  and  the  manufacturer  shall  be  notified. 

17.  Samples  tested  in  accordance  with  Sect.  7,  which  represent  rejected  bars,  shall  be  preserved  for  2  weeks 
from  the  date  of  the  test  report.     In  case  of  dissatbfaction  with  the  results  of  the  tests,  the  manufacturer  may  make 
claim  for  a  rehearing  within  that  time. 


MANUFACTURERS'    STANDARD   SPECIFICATIONS  FOR  RAIL-STEEL    CONCRETE 

REINFORCEMENT  BARS 


1.  Man^fceiure. — All  steel  shall  be  rolled  from  standard  section  Tee  rails. 

2.  Physical  Properties. — The  physical  properties  shall  conform  to  the  following  limits: 

3.  Yield  Point. — For  the  purposes  of  these  specifications,  the  yield  point  shall  be  determined  by  careful  obser- 
vation of  the  drop  of  the  beam  of  the  testing  machine,  or  by  other  equally  accurate  method. 

4.  Form  of  Specimens. — (a)  Tensile  and  bending  test  specimens  may  be  cut  from  the  bars  as  rolled,  but  tensile 
and  bending  test  specimens  of  deformed  bars  may  be  planed  or  turned  for  a  length  of  at  least  9  in.  if  deemed  necea- 
sary  by  the  manufacturer  in  order  to  obtain  uniform  cross  section. 

(b)  Tensile  and  bending  test  specimens  of  hot-twisted  bars  shall  be  cut  from  the  bars  after  twisting,  and  thiUl 
be  tested  in  full  nse  without  further  treatment,  unless  otherwise  specifled. 
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PropertieB  considered 

Rail-steel  grade 

Plain  bars 

Deformed  and  hot- 
twisted  bars 

Ultimate  tensile  strensth.  minimum,  lb.  oer  s<i.  in 

80.000 

60.000 

1.200.000 

Tens.  str. 

180  deg. 
d  -  3< 

90  deg. 
d  -  31 

80,000 

60.000 

1.000.000 

Tens.  str. 

180  deg. 
d-4( 

90  deg. 
d  -  4( 

YiaIH  nmnt.  miniTniim.  Ih,  Der  so.  in 

EHongation,  %  in  8-in.  minimum, 

Cold  bend  without  fracture;  Bars  under  ^  in.  diameter  or  thick- 
neoB  .                  .      .      a .  X      . 

Bars  M  in  diameter  or  thickness  and  over 

5.  NumbtT  of  TuU. — (a)  One  tensile  and  one  bending  test  shall  be  made  from  each  lot  of  10  tons  or  less  of 
•aoh  sise  of  bar  rolled  from  rails  varying  not  mor«  than  10  lb.  per  yd.  in  nominal  weight.  Should  a  test  specimen 
derelop  flaws,  or  should  the  tensUe  test  specimen  break  outside  of  the  middle  third  of  its  gaged  length,  it  may  b« 
discarded  and  another  test  specimen  substituted  therefor.  In  case  a  tensile  specimen  does  not  meet  the  spedfi- 
eations,  an  additional  test  may  be  made. 

(6)  The  bending  test  may  be  made  by  pressure  or  by  lignt  blows, 

0.  Modification*  in  Elongation  for  Thin  and  Thick  Material. — For  bars  less  than  He  in*  and  more  than  H  in* 
nominal  diameter  or  thickness,  the  following  modifications  shall  be  made  in  the  requirements  for  elongation: 

(a)  For  each  increase  of  H  u^*  u^  diameter  or  thickness  above  K  in*!  a  deduction  of  1  shall  be  made  from  the 
specified  percentage   of  elongation. 

(6)  For  each  decrease  of  He  u^-  u>  diameter  or  thickness  below  He  in.,  a  deduction  of  1  shall  be  made  from  the 
■peeified  percentage   of  elongation. 

7.  Number  of  Ttoieta. — Hot-twisted  bars  of  rail  carbon  steel  shall  be  twisted  with  one  complete  twist  in  a  length 
equal  to  not  mora  than  12  times  the  thickness  of  the  bar. 

8.  Fmia^.-^Material  must  be  free  from  injurious  seams,  flaws,  or  cracks,  and  have  a  workmanlike  finish. 

9.  Variation  in  Weight. — Bars  for  rainforcement  are  subject  to  rejection  if  the  actual  weight  of  any  lot  varies 
more  than  6  %  over  or  under  the  theoretical  weight  of  that  lot 


STANDARD  SPECIFICATIONS  FOR  RAIL-STEEL  CONCRETE  REINFORCEMENT  BARS 

(American  Society  for  Testing  Materials) 

1.  The  specifications  cover  three  classes  of  rail-steel  concrete  reinforcement  bars,  namely:  plain,  deformed, 
and  hot-twisted. 

2.  Manufacture. — The  bars  shall  be  rolled  from  standard  section  Tee  rails. 

3.  Hot-twisted  bars  shall  have  one  complete  twbt  in  a  length  not  over  12  times  the  thickness  of  the  bar. 


Properties  conaidered 


Plain  bars 


Deformed  and  hot- 
twisted  bars 


Ttonsile  strength,  lb.  per  sq.  in 
Yield  point,  lb.  per  sq.  in 

Elongation  in  8  in..  %i 


80.000 

60,000 

1.200.000 

Tens.  str. 


80,000 

60,000 

1.000.000 

Tens.  str. 


1  See  Sect.  5. 


4.  Phyeical  Propertiet  end  Teats. — (a)  The  bars  shall  conform  to  the  following  minimum  requiraments  as  to 
tensile  properties: 

(6)  Tne  yield  point  ahall  be  determined  by  the  drop  of  the  beam  of  the  testing  machine. 

6.  (a)  For  bars  over  H  in-  in  thickness  or  diameter,  a  deduction  of  1  from  the  percentages  of  elongation  specified 
in  Sect.  4  (o)  shall  be  made  for  each  increase  of  H  in.  in  thickness  or  diameter  above  ^  in. 

(6)  For  bars  under  He  in.  in  thickness  or  diameter,  a  deduction  of  1  from  the  percentages  of  elongation  specified 
n  Sect.  4(a)  shall  be  made  for  each  decrease  of  He  in.  in  thickness  or  diameter  below  He  in. 
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0.  The  tcHt  Hi>cciiiicu  hHuII  heud  culd  around  a  pia  without  cracking  on  the  outaide  of  the  bent  portioa, 
follows: 


Thickness  of  diameter  of  bar 


Under  H  >&. . 
fi  in.  or  over. 


Plain  ban 


180  deg. 
d  -  31 
00  deg. 
d  "  3t 


Def  OTmed  and  hot^ 
twisted  ban 


180  dec. 
d  -  4t 
00  dec. 
d  -  41 


7.  (a)  Tension  and  bend  test  specimens  for  plain  and  deformed  ban  shall  be  taken  from  the  ^^"'sK^  ban,  and 
shall  be  of  the  full  thickness  or  diameter  of  ban  as  rolled;  except  that  the  specimens  for  deformed  bars  may  be 
machined  for  a  length  of  at  least  0  in.,  if  deemed  neoessary  by  the  manufacturer  to  obtain  uniform  cross  aeetioD. 

(b)  Tension  and  bend  test  specimens  for  hot-twisted  ban  shall  be  taken  from  the  finished  bars,  without  f^uthsr 
treatment. 

8.  (a)  One  tension  and  one  bend  test  shall  be  made  from  each  lot  of  10  tons  or  less  oi  each  slse  of  bar  roOsd 
from  rails  varying  not  more  than  10  lb.  per  yd.  in  nominal  weight. 

(6)  If  any  test  specimen  shows  defective  machining  or  develops  flaws,  it  may  be  discarded  and  another  spitfiiniF 
substituted. 

(c)  If  the  percentage  of  elongation  of  any  tension  test  specimen  is  less  than  that  specified  in  Beet.  4(a)  and  aoy 
part  of  the  fracture  is  outside  the  middle  third  of  the  gage  length,  as  indicated  by  scribe  scratches  marked  on  ths 
specimen  before  testing,  a  retest  shall  be  allowed. 

0.  PermitnbU  VaricUiont  in  Weight. — The  weight  of  any  lot  of  ban  shall  not  vary  more  than  5%  from  tht 
theoretical  weight  of  that  lot. 

10.  Finiah. — The  finished  ban  shaU  be  free  from  injurious  defects  and  shall  have  a  workmanlike  finish. 

11.  Jnapeetion  and  Rejection. — The  inspector  representing  the  purchaser  shall  have  free  entry,  at  all  times  whSk 
work  on  the  contract  of  the  purchaser  is  being  performed,  to  all  parts  of  the  manufacturer's  works  which  eonesm  thi 
manufacture  of  the  ban  ordered.  The  manufacturer  shall  afford  the  inspector,  free  of  cost,  all  reasonable  facifitifi 
to  satisfy  him  that  the  ban  are  being  furnished  in  accordance  with  these  specifications.  All  tests  and  iiuvseCioa 
shall  be  made  at  the  place  of  manufacture  prior  to  shipment,  unless  otherwise  specified,  and  shall  be  so  eondnettd 
as  not  to  interfere  unnecessarily  with  the  operation  of  the  works. 

12.  Ban  which  show  injurious  defects  subsequent  to  their  acceptance  at  the  manufacturer's  works  will  bt 
sjected,  and  the  manufacturer  shall  be  notified. 


APPENDIX  E 
SPECIFICATIONS  FOR  CONCRETE  BUILDING  STONE 

NEW  TORE  SPECIFICATIONS  FOR  CAST  STONE 

'*  Speoifioations  for  Cast  Concrete  Stone  as  used  by  the  State  of  New  York  for  the  Conatruotion  of  State 
'air  Buildings  "*  are  in  part  as  follows: 

All  cast  stone  shall  be  made  of  Portland  cement,  such  as  will  pass  the  standard  specifications  of  the  American 
•oeiety  for  Testing  Materialst  and  of  a  brand  satisfactory  to  the  architects,  mixed  with  an  aggregate,  of  uniform 
olor  and  texture,  and  free  from  iron  and  other  f oregin  material  liable  to  discoloration.  Aggregates  shall  be  crushed 
raniU  or  hard  marbie. 

The  cement  and  aggregates  shall  be  thoroughly  mixed  in  a  proportion  of  1  part  of  cement  to  not  over  6  or  less 
lian  4  parts  of  aggregate.  The  aggregate  shall  be  made  by  crushing  selected  pieces  of  stone  to  insure  uniform  color 
nd  texture  and  shall  be  screened  into  at  least  three  sises,  the  largest  of  which  shall  not  exceed  that  which  passes  a  ring 
ft  in.  in  diameter,  and  there  shall  be  at  least  60  %  of  such  a  sise  of  aggregate  that  will  not  pass  a  ring  yi  \n.  in  diam* 
fcer.     The  various  sixes  shidl  be  iised  in  proportions  to  give  maximum  density  and  all  measured  by  weight. 

The  concrete  for  making  the  cast  stone  shall  be  mixed  with  not  less  than  15  %  of  water  by  weight  and  shall  be 
lixed  by  a  machine,  preferably  of  the  rotary  type.  If  cast  in  a  semi-liquid  condition,  it  shall  be  constantly  agitated, 
nd  eontinuoutly  deposited  in  the  mold. 

All  casts  shall  be  properly  seasoned  by  being  kept  moist  and  away  from  the  sun*s  rays  and  draughts  for  at  least 
0  days  after  being  made. 

After  having  been  seasoned  for  at  least  10  days,  all  exposed  plain  surfaces  of  the  stone  shall  be  tooled  with  a 
rove  finish  of  4  cuts  or  6  cuts  to  the  inch,  or  such  other  finish,  as  the  architects  shaH  specify.  The  tooling  shall 
referably  be  done  by  grinding  the  grooves  by  the  use  of  an  abrasive  material  so  that  the  larger  aggregates  will  not 
e  distributed  or  in  any  way  shattered. 

All  surfaces  of  cast  stone  to  be  true  and  without  hollows  and  other  than  plain  surfaces  to  be  recut  as  necessary 

>  make  perfect.     Models  of  all  ornament  to  be  furnished  for  architect's  approval,  and  all  stone  to  be  finished  true 

>  such  models. 

All  cast  stone  shall  be  of  such  quality  that  it  will  pass  a  test  at  the  age  of  28  days  of  at  least  1500  lb.  compres- 
on  per  sq.  in.,  and  shall  not  have  an  absorption  to  exceed  5%  of  weight  when  thoroughly  dried  and  immersed  in 
«ter  for  48  hr. 

All  lintels,  bearing  stones,  and  other  subjected  to  cross-bending  shall  be  reinforced  by  means  of  steel  rods 
laoed  about  2  in.  from  their  tension  surface  and  the  total  sectional  area  of  the  steel  shall  be  equal  to  H  to  1  %  of  the 
rose-sectional  area  of  the  concrete  in  the  member  reinforced.  When  any  cast  exceeds  in  any  dimension  8  times  its 
ast  dimension,  it  shall  be  reinforced  to  insure  safety  in  handling. 

Samples  of  cast  stone  on  which  bids  are  based  shall  be  submitted  for  approval.  Said  samples  to  be  retained 
y  the  architect.  Preference  shall  be  given  to  stone  cast  in  an  etiabUshed  factory,  and  contractor  must  be  able  to 
low  work  of  a  similar  character  that  he  has  erected,  and  same  must  meet  the  approval  of  the  architect.  All  casts 
lall  be  provided  with  steel  bonds  for  the  purpose  of  tying  into  the  masonry  backing  and  with  hooka  for  handling 
ad  lifting  which  shall  be  placed  in  the  stone  when  cast. 

Cast  stone  need  not  be  plastered  on  back  with  La  Farge  cement,  nor  need  it  be  painted  as  specified  for  Indiana 
mestone. 

AMERICAN  CONCRETE  INSTITUTE  SPECIFICATIONS 

Standard  specifications  (Standard  No.  10)  and  building  regulations  for  the  manufacture 
nd  use  of  concrete  architectural  stone,  building  block  and  brick  of  the  American  Concrete 
nstitute,  adopted  in  1917,  provide  as  follows: 

1.  Concrete  architectural  stone  and  building  block  for  solid  and  hollow  walls  and  concrete  brick  made  in 
Qoordanoe  with  the  following  specifications  and  meeting  the  requirements  thereof,  may  be  used  in  building  con- 
duction. 

2.  7e«te.— Concrete  architectural  stone,  building  blocks  for  hollow  and  solid  walls  and  concrete  brick  must  be 
ibjected  to  (a)  compression  (b)  absorption  tests.  All  tests  must  be  made  in  a  testing  laboratory  of  recognised 
jtnding. 

*  Concrete,  Feb.,  1913,  p.  61. 
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3.  UUimaU  CompreMtve  Strength. — (a)  Solid  concrete  stone,  building  blocks  and  brick.  In  the  cms  of  solid 
stone,  blocks  and  brick,  the  ultimate  compressive  strength  at  28  days  must  average  not  less  than  1600  lb.  per  sq.  in. 
of  gross  cross-sectional  area  of  the  stone  as  used  in  the  wall,  and  must  not  fall  below  1000  lb.  per  sQ.  in.  in  any  test. 

(6)  Hollow  and  two-piece  building  blocks.  The  ultimate  compressive  strength  of  hollow  and  two-pieoe  building 
blocks  at  28  days  must  avergae  1000  lb.  per  sq.  in.  of  gross  cross-sectional  area  of  the  block  as  used  in  the  will, 
and  must  not  fall  below  700  lb.  per  sq.  in.  in  any  test. 

4.  Orott  Crot»-Sect\onal  Areat. — (a)  Solid  concrete  stone,  blocks  and  brick.  The  cross-sectional  area  shall  be 
considered  as  the  minimum  area  in  compression. 

(6)  Hollow  building  blocks.  In  the  case  of  hollow  building  blocks,  the  gross  cross-sectional  area  shall  be  con- 
sidered as  the  product  of  the  length  by  the  width  of  the  block.  No  allowance  shall  be  made  for  the  air  space  of 
the  block. 

(c)  Two-pieoe  building  blocks.  In  the  case  of  two-piece  building  blocks,  if  only  one  block  is  tested  at  a  time, 
the  gross  cross-sectionsl  area  shall  be  regarded  as  the  product  of  the  length  of  the  block  by  one-half  the  width 
of  the  wall  for  which  the  block  is  intended.  If  two  blocks  are  tested  together,  then  the  gross  cross-sectional  ares 
shall  be  regarded  as  the  product  of  the  length  of  the  block  by  the  full  width  of  the  wall  for  which  the  block  is 
intended. 

5.  A bsorpfion.— The  absorption  at  28  days  (being  the  weight  of  the  water  absorbed  divided  by  the  wei^t 
of  the  dry  sample)  must  not  exceed  10%  when  tested  as  hereinafter  specified. 

6.  SampUa. — At  least  six  samples  must  be  provided  for  the  purpose  of  testing.  Such  samples  must  represent  the 
ordinary  commercial  product.  In  cases  where  the  material  is  made  an  used  in  special  shapes  and  forms  too  large 
for  testing  in  the  ordinary  machine,  smaller  specimens  shall  be  used  as  may  be  directed.  Whenever  possible,  the 
tests  shall  be  made  on  full  sised  samples. 

7.  Compretnon  Tettt. — Compression  tests  snail  be  made  as  follows:  The  sample  to  be  tested  must  be  oarefuUy 
measured  and  then  bedded  in  plaster  of  pans  or  other  cementitious  material,  in  order  to  secure  uniform  bearing 
in  the  testing  machine.  It  shall  then  be  loaded  to  failure.  The  compressive  strength  in  pounds  per  square 
inch  of  gross  oross-sectional  area  shall  be  regarded  as  the  quotient  obtained  by  dividing  the  total  api^ied  load  in 
pounds  by  the  gross  cross-sectional  area,  which  area  shaH  be  expressed  in  square  inches  computed  according  to 

Art.  4. 

When  such  tests  must  be  made  on  cut  sections  of  blocks,  the  pieces  of  the  block  must  first  be  carefully  meas- 
ured. The  samples  shall  then  be  bedded  to  secure  uniform  bearing,  and  loaded  to  failure.  In  this  ease,  however, 
the  compressive  strength  in  pounds  per  square  inch  of  net  area  must  be  obtained  and  the  net  area  shall  be  regarded  ss 
the  minimum  bearing  area  in  compression.  The  average  of  the  compressive  strength  of  the  two  portions  of  blocks 
shall  be  regarded  as  the  compressive  strength  of  the  samples  submitted.  This  net  compressive  strength  shall  then 
be  reduced  to  compressive  strength  in  pounds  per  sqxiare  inch  of  gross  cross-sectional  area  as  follows: 

The  net  area  of  a  full  sised  block  shall  be  carefully  calculated  and  the  total  compressive  strength  of  the  block 
will  be  obtained  by  multipljdng  this  area  by  the  net  compressive  strength  obtained  above.  This  total  gross  com- 
pressive strength  shall  be  divided  by  the  gross  cross-sectional  area  as  figured  by  Art.  4,  to  obtain  the  compressive 
strength  in  pounds  per  square  inch  of  gross  cross-sectional  area. 

When  testing  other  than  rectangidar  blocks,  great  care  must  be  taken  to  apply  the  load  at  the  center  of  gravity 
of  the  specimen. 

8.  Abaorption  Teats. — The  samples  shall  be  first  thoroughly  dried  to  a  constant  weight  at  a  temperaturs 
not  to  exceed  212  deg.  F.,  and  the  weight  recorded.  After  dr3ring,  the  sample  shall  be  immersed  in  clean  water  for  a 
period  of  48  hr.  The  sample  shall  then  be  removed,  the  surface  wiped  off,  and  the  sample  reweighed.  The 
percentage  of  absorption  shall  be  regarded  as  the  weight  of  the  water  absorbed  divided  by  the  weight  of  the  dry 
sample  multiplied  by  100. 

9.  Limit  of  Loading. — (a)  Hollow  walls  of  concrete  building  blocks.  The  load  on  any  hollow  walls  of  oonerete 
blocks,  including  the  sui>eriinpo8ed  weight  of  the  wall,  shall  not  exceed  167  lb.  per  sq.  in.  of  gross  area.  If  the  floor 
loads  are  carried  on  girders  or  joists  resting  on  cement  pilasters  filled  in  place  with  slush  concrete  mixed  in  propor- 
tion of  1  part  cement,  not  to  exceed  2  parts  of  sand  and  4  parts  of  gravel  or  crushed  stone,  said  pilasters  may  be 
loaded  not  to  exceed  ^00  lb.  per  sq.  in.  of  gross  cross-sectional  area. 

(b)  Solid  walls  of  concrete  blocks.  Solid  walls  built  of  architectural  stone,  blocks  or  brick  and  laid  in  Portland 
cement  mortar  or  hollow  block  walls  filled  with  concrete  shall  not  be  loaded  to  exceed  300  lb.  per  sq.  in.  of  gross 
cross-sectional  area. 

10.  Oirdera  and  Joiata. — Wherever  girders  or  joists  rest  upon  walls  in  such  a  manner  as  to  cause  concentrated 
loads  oA'er  4000  lb.,  the  blocks  supporting  the  girders  or  joist  must  be  made  solid  for  at  least  8  in.  from  the  inside 
face  of  the  wall,  except  where  a  suitable  bearing  plate  is  provided  to  distribute  the  load  over  a  sufficient  area  to 
reduce  the  stress  so  it  will  conform  to  the  requirements  of  Art.  9. 

When  the  combined  live  and  dead  floor  loads  exceed  60  lb.  per  sq.  ft.  the  floor  joists  shall  rest  on  a  sted  plate  not 
less  than  H  of  an  inch  thick  and  of  a  width  H  to  1  in.  less  than  the  wall  thickness.  In  lieu  of  said  steel  plate  the 
joists  may  rest  on  a  solid  block,  which  may  be  3  and  4  in.  less  in  wall  thickness  than  the  building  wall,  except 
in  instances  where  the  wall  is  8  in.  thick,  in  which  cases  the  solid  blocks  shall  be  the  same  thickness  as  the  building 
wall. 

11.  Thickneaa  of  Walla. — (a)  Thickness  of  bearing  walls  shall  be  such  as  will  conform  to  the  limit  of  loading 
given  in  Art.  9.  In  no  instance  shall  bearing  walls  be  less  than  8  in.  thick.  Hollow  walls  8  in.  thick  shall  not  be 
over  16  ft.  high  for  1  story  or  more  than  a  total  of  24  ft.  for  2  stories. 

(b)  Walls  of  residences  and  buildings  commonly  known  as  apartment  buildings  not  exceeding  4  stories  in  height, 
in  which  the  dead  floor  load  does  not  exceed  60  lb.  or  the  live  load  60  lb.  per  sq.  ft.,  shall  have  a  minimum  thickness, 
in  inches  as  shown  in  Table  1. 
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Table  1. 


• 

No.  of  stories 

Basement 
(in.) 

1st  story 
(in.) 

2d  story 
(in.) 

3d  story 
(in.) 

4th  story 
(in.) 

1 

8 
10 
12 
16 

8 

8 

12 

12 

8 
10 
12 

8 
10 

8 

2 

3 

4 

12.  Variation  in  Thickneai  of  WaUa. — (a)  Wherever  walls  are  decreased  in  thickness,  the  top  course  of  the 
thicker  wall  shall  afford  a  solid  bearing  for  the  webs  or  walls  of  the  course  of  the  concrete  block  above. 

13.  Bonding  and  Bearing  Walls. — Where  the  face  wall  is  constructed  of  both  hollow  concrete  blocks  and  brick, 
the  facing  shall  be  bonded  into  the  backing,  either  with  headers  projecting  4  in.  into  the  brick  work,  every  fourth 
course  being  a  header  course,  or  with  approved  ties,  no  brick  backing  to  be  less  than  8  in.  thick.  Where  the  walls 
are  made  entirely  of  concrete  blocks,  but  where  said  blocks  have  not  the  same  width  as  the  wall,  every  fifth  course 
shall  overlap  the  course  below  by  not  less  than  4  in.  unless  the  wall  system  alternates  the  cross  bond  through  the 
wall  in  each   course. 

14.  Curtain  Walls. — For  curtain  walls  the  limit  of  loading  shall  be  the  same  as  given  in  Art.  9.  In  no  instance 
shall  curtain  walls  be  less  than  8  in.  in  thickness. 

15.  Party  Walls. — Walls  of  hollow  concrete  block  used  in  the  construction  of  party  walls  shall  be  filled  in  place 
with  concrete  in  the  proportion  and  manner  described  in  Art.  9. 

16.  Partition  WoUs. — Hollow  partition  walls  of  concrete  blocks  may  be  of  the  same  thickness  as  required  in  hol- 
low tile  terra  cotta  or  plaster  blocks  for  like  purposes. 


APPENDIX  F 

GENERAL  MECHANICAL  PROPERTIES  OF  VARIOUS  AMERICAN 

TIMBERS 

(Taken  from  Bui.  No.  556  of  the  U.  S.  Dept.  of  Agriculture) 

Table  1  m&kee  available  for  general  uae  data  which  will  serve  aa  a  baaia  for  (1)  the  comparison  of  apeeiei, 
(2)  the  choice  of  species  for  particulv  uses,  and  (3)  the  establishment  of  corrected  worldng  stresses. 

With  euch  test  data  at  hand  it  is  passible  to  compare  the  properties  of  a  known  species  with  those  of  another. 
The  possibility  of  substitution  generally  reduces  to  the  few  species  which  ]>ossess  qualities  approaching  those 
previously  in  use.  If  the  properties  making  a  particular  wood  valuable  for  a  certain  purpose  are  known,  the  eom- 
parison  is  made  the  easier. 

As  an  example  of  the  foregoing,  suppose  it  is  desired  to  find  a  wood  for  flooring  for  use  in  the  place  of  maple. 
For  flooring,  hardness  ia  the  ruling  factor,  providing,  of  course,  the  wood  possesses  other  strength  properties  to  i 
reasonable  degree.  Using  hardness  as  a  basis  of  comparison,  white  oak  should  be  as  good  or  better  than  maple 
for  flocuring,  which  is  true.  Using  modulus  of  rupture,  which  is  a  very  important  strength  value  in  structural  ma- 
terial but  of  very  little  importance  in  flooring,  as  a  basis  for  comparison,  long  leaf  pine  or  Doxiglas  fir  would  unjiHtly 
be  given  preference  to  oak. 

Scope  and  Method  of  Experitnente. — The  data  in  this  bulletin  (No.  556)  are  based  upon  about  130,(XX)  tests, 
probably  the  greatest  number  ever  made  in  one  series  upon  any  material. 

Small  clear  specimens  are  used  in  the  tests  in  order  that  consideration  of  the  influence  of  defects  may  be  elimi- 
nated from  calculations  to  determine  the  relation  between  strength  and  density,  moisture,  locality  of  growth,  soil 
conditions,  etc.  The  specimens  are  2  X  2  in.  in  cross  section.  Bending  specimens  are  30  in.  long;  othov  ahorter, 
depending  on  the  kind  of  test. 

The  material  for  any  given  species  and  locality  is  cut  from  typical  trees,  usually  five  in  number.  These  are 
selected  as  representatives  of  the  Forest  Service,  careful  descriptions  being  made  of  each  tree  and  of  the  conditions 
under  which  it  has  grown. 

Data  derived  from  tests  previously  xneAe  by  the  Forest  Service  and  under  practically  the  same  conditions 
as  the  present  aeries  are  included  in  the  Table. 

Precavtiona  to  be  Obeerved  in  Uie  Uee  of  the  Data. — Careful  attention  must  be  given  to  the  natural  variability  of 
timber  in  order  to  make  correct  use  of  timber  test  data.  The  following  suggestions  are  offered  as  a  guide  to  the  use 
of  the  data  given  herein: 

In  oomparing  the  data  with  those  in  other  publications,  it  must  be  kept  in  mind  that  scarcely  any  two  series  of 
tests  have  been  made  under  the  same  conditions  and  that  very  frequently  so  little  is  specified  concerning  the  charac- 
ter of  the  material  and  the  methods  of  test  as  to  make  close  comparisons  impossible.  Also,  in  making  comparisons, 
it  is  important  that  the  data  should  really  be  representative  of  the  classes  of  material  which  it  is  proposed  to  compare. 
For  example,  it  is  not  just  to  take  the  figures  derived  from  Rocky  Mountain  Douglas  fir,  which  is  known  to  be 
inferior  to  the  Pacific  coast  tjrpe,  as  representative  of  the  coast  fir.  Nor  in  general  can  a  compariaon  of  species 
properly  be  made  from  results  of  tests  on  large  timbers  alone;  for  in  practically  all  cases  the  large  timbers  tested 
have  not  been  selected  as  representative  of  the  species,  but  have  been  chosen  to  determine  the  effect  of  defects,  the 
effect  of  preservative  treatment,  or  for  the  solution  of  other  and  similar  problems. 

Differences  in  strength  (of  the  same  timber)  are  usually  due  to  differences  in  defects,  mobture  content,  or 
density,  or  to  combinations  of  these.     Defects  are  not  considered  in  this  publication. 

Differences  of  moisture  content  cause  considerable  variation  in  the  strength  values  of  air-dry  or  partially  air- 
dry  material,  but  have  no  effect  as  long  as  all  material  is  thoroughly  green. 

One  of  the  principal  factors  causing  differences  in  strength  is  variable  density.  As  might  be  expected,  the 
greater  the  density  of  a  given  stick  or  the  more  wood  it  has  per  unit  volume,  the  stronger  is  the  stick. 

Considerable  confusion  often  arises  from  the  use  of  general  terms  in  a  limited  sense,  or  with  different  meanings 
by  different  persons.  For  instance,  strength,  in  the  broad  sense  of  the  word,  is  the  summation  of  the  meehanical 
properties  or  the  ability  of  a  material  to  resist  stresses  or  deformations  of  various  sorts.  While  such  properties 
as  ^hardness,  stiffness,  and  toughness  are  not  always  thought  of  in  connection  with  the  term  "strength,"  they  are 
unconsciously  included  when,  in  a  specific  instance,  they  are  important.  This  may  be  illustrated  by  some  eom- 
parisons  of  oak  and  longleaf  pine.  For  floor  beams  or  posts,  the  pine,  because  of  its  strength  and  stiffness  aa  a  beam, 
has  a  slight  advantage  over  the  oak  and  is  considered  "stronger.**  For  handles,  vehicle  or  implement  parts, 
oak,  because  of  its  greater  toughness,  or  shock-resisting  ability,  is  decidedly  superior  to  the  pine  and  is  considered 
"stronger.**  Thus  it  is  seen  that  the  term  "strength**  may  refer  to  any  one  of  many  properties  or  oombinations 
of  properties,  and  is  necessarily  indefinite  in  meaning  unless  so  modified  as  to  indicate  one  particular  thing.  To 
say,  then,  that  one  species  is  stronger  than  another  is  a  meaningless  statement  unless  it  is  specified  in  what  par- 
ticular respect  it  excels. 
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The  term  strength,  in  its  more  restricted  sense,  is  the  ability  to  resist  stress  of  a  single  kind,  or  the  stresses 
developed  in  one  kind  of  a  constructional  member,  as  strength  in  shear,  strength  in  compression,  strength  as  a  beam, 
strength  as  a  column.     Used  in  this  way,  the  term  is  specific  and  allows  no  chance  of  confusion. 

There  are  many  properties  of  wood,  such  as  taste  imparted  to  foodstuffs,  odor,  ease  of  working  ability  to  take 
finish  and  to  maintain  shape,  resistance  to  decay,  etc.,  which,  of  oourse,  are  not  given  in  the  accompansring  table, 
but  which  are  very  important  in  some  uses  to  which  timber  is  put.  In  very  few  instances  will  strength  data  of 
themselves  be  sufficient  to  determine  the  value  of  a  species  for  a  given  use. 

The  aooompansring  table  gives  the  values  obtained  from  tests  on  green  material.  It  will  be  noted  that  there 
is  a  large  variation  in  the  moisture  oontent  of  the  various  species.  All,  however,  were  tested  at  approximately 
the  moisture  content  of  the  living  tree  and  are  well  above  the  limit  below  which  differences  in  moisture  oontent 
produce  differences  in  strength. 

Rxplanation  of  Table — Names  of  Species. — The  common  and  botanical  names  iised  in  the  table  are  given  in 
Forest  Service  Bulletin   No.   17. 

LoeaUiieM  Where  Orovm. — In  the  second  column  of  the  table  are  listed  the  States  in  which  the  test  specimens 
originated.  The  locality  of  growth  has  in  some  cases  an  influence  on  the  strength  of  timber.  This  influence, 
however,  is  usually  overestimated. 

Number  of  Ringa  per  Inch. — Rings  per  inch  is  an  inverse  measure  of  the  rate  of  growth.  It  is  taken  along 
a  radial  line  on  the  end  section  of  each  specimen.  One  ring,  consisting  of  a  band  of  springwood  and  a  band  of 
summerwood,  b  formed  by  each  year's  growth;  consequently,  few  rings  per  inch  indicate  fast  growth,  and  vice 
versa. 

Summenoood. — The  amount  of  summerwood  is  expressed  in  per  cent  of  the  entire  cross  section.  It  is  measured 
along  a  representative  radial  line. 

Moisture  CorUerU. — Moisture  content  is  the  weight  of  water  contained  in  the  wood,  expressed  in  per  cent  oi  the 
oven-dry  weight  of  the  wood.  Moisture  content  is  determined  by  weighing  a  small  section  of  the  test  specimen 
and  then  drying  it  at  100  deg.  C.  in  freely  circulating  air  until  its  weight  becomes  constant;  the  loss  of  weight  is  then 
divided  by  the  dry  weight  to  give  the  proportion  of  mcnsture,  and  this  is  usually  expressed  in  per  cent  of  the  dry 
weight.  Consequently  "  moisture  "  as  determined  includes  any  other  substancee  besides  water  volatile  at  100  deg.  C. 
whieh  may  be  in  the  wood. 

Specific  Gravity . — Speciflc  gravity  is  the  weight  of  any  given  substance  divided  by  the  weight  of  an  equal 
volume  of  pure  water  at  its  greatest  density. 

Sjteeifiv  Qravity  Bated  on  Volume  When  Qreen. — In  the  determination  of  the  figures  for  specific  gravity  based  on 
volume  when  green  the  test  specimens  are  weighed  and  measured  when  green.  Their  oven-dry  weight  is  then  com- 
puted by  dividing  the  weight  when  green  by  1  plus  the  proportion  of  moisture,  moisture  being  determined  as 
described  in  previous  paragraphs.  The  specific  gravity  data  based  on  green  volume  are  more  reliable  than  the  data 
based  on  air-dry  or  oven-dry  volume  because  they  are  based  on  the  largest  number  of  determinations,  and  these 
determinations  are  unaffected  by  the  shrinkage  of  the  wood.  Specific  gravity  so  determined  is,  aside  from  actual 
strength  data,  the  best  criterion  of  the  strength  of  clear  wood  of  any  species. 

Specific  Qravity  Bated  on  Ovenrdry  Volume. — In  determining  the  specific  gravity  based  on  oven-dry  volume,  the 
volume  as  well  as  the  weight  is  taken  after  the  specimens  are  dried  to  a  practically  constant  weight  in  air  at  KX) 
deg.  C.  The  difference  between  specific  gravity  based  on  green  volume  and  that  on  oven-dry  volume  is  due  to  the 
shrinkage,  and  one  may  be  determined  from  the  other  if  the  shrinkage  in  volume  is  known.  Specific  gravity  on 
oven-dry  volume  —  specific  gravity  based  on  volume  when  green  +  (1  —  the  shrinkage). 

Weight  per  Cubic  Foot  Qreen, — Weight  per  cubic  foot  green  is  the  weight  per  cubic  foot  oi  the  wood  <inoluding 
moisture)  as  it  comes  from  the  living  tree. 

Shrinkage  from  Qreen  to  Oven  Dry. — When  wood  is  dried  below  the  fiber  saturation  point,  shrinkage  begins  and 
oontinues  until  the  moisture  is  all  driven  off.  Shrinkage  along  the  length  of  timber  is  very  smalL  Shrinkage  in 
directions  at  right  angles  to  the  grain  is  very  much  greater  and  varies  from  2  or  3  %  to  about  20  % .  Hadial  shrinkage 
is  about  three-fifths  as  great  as  tangential  shrinkage.  Shrinkage  in  volume  is  of  course,  the  resultant  of  shrinkagss 
along  the  fibers  and  in  the  radial  and  tangential  directions.  However,  shrinkage  in  volume  and  radial  and  tangen- 
tial shrinkages  were  independently  determined  in  the  present  series  of  tests.  The  first  was  determined  from  four 
specimens,  and  each  of  the  others  from  one  specimen  from  each  tree. 

All  shrinkages  given  are  expressed  in  percentages  of  the  original  or  green  dimensions,  and  are  total  shrinkagss 
to  sero  moisture.  Shrinkage  to  an  air  dry  condition  of  about  12  %  moisture  is  sometimes  more  and  sometimes 
less  than  half  the  total  shrinkage.  At  about  12  %  moisture  the  volume  changes  by  about  one-half  (tf  1  %  for  each 
moisture  content  change  of  1%.    Shrinkage  in  volume  b  important  in  measuring  cord  wood. 

Radial  shrinkage  is  tne  measure  of  the  ehange  in  width  of  a  quarter-sawed  or  edge-grain  board.  In  most 
q)eeies  at  about  12%  moisture  a  moisture  content  change  of  1  %  may  be  expected  to  cause  a  change  of  about  Hs  of 
1  %  in  the  width  of  such  a  board.  This  is  equivalent  to  Ma  of  an  inch  change  in  the  width  oi  a  10-in.  board  for  a 
6%  ehange  in  moisture  (5  X  Hs%  of  10  in.  *  Ha  in.). 

Tangential  shrinkage  is  the  measure  of  the  change  in  width  of  a  flat  sawed  board.  At  about  12%  moisture  a 
moisture  content  change  of  1  %  may  be  expected  to  cause  a  change  of  about  Ke  of  1  %  in  the  width  of  such  a  boftfd, 
whieh  is  equivalent  to  Ha  of  an  inch  change  in  the  width  of  a  IQ-in.  board  for  5  %  change  in  moisture. 

Work  to  Elastic  Limit. — Work  to  elastic  limit  in  static  bending  is  a  measure  of  the  w(Mrk  which  a  beam  is  able 
to  resist  or  the  shock  which  it  can  absorb  without  being  stressed  beyond  the  elastic  limit  as  determined  under  slowly 
applied  loads. 

Work  to  Maximum  Load. — Work  or  maximum  load  in  static  bending  represents  the  ability  of  the  timber  to 
absorb  shock  with  a  slight  permanent  or  semi-permanent  deformation  and  with  some  injury  to  the  timber.    Woodt 
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specially  in  small  sises,  can  be  bent  somewhat  beyond  its  elastic  limit  with  only  slight  injury  if  the  load  is  removed 
t  once.  Work  to  maximum  load  is  a  measure  of  the  combined  strength  and  toughness  of  a  material  under  bending 
tresses.  Superiority  in  this  quality  is  tne  characteristic  which  makes  hickory  better  than  ash,  and  oak  better  than 
mgleaf  pine,  for  such  usee  as  handles  and  vehicle  parts. 

Impact  Bending. — The  impact  bending  test  is  made  upon  a  beam  2  X  2  X  30  in.  over  a  28-in.  span.  A  50-lb. 
ammer  is  dropped  upon  the  stick  at  the  center  of  the  span,  first  from  a  height  of  1  in.,  next  2  in.,  etc.,  up  to  10  in., 
lien  increasing  2  in.  at  a  time  until  comnlete  failure  occurs.  The  deflections  of  the  specimen  are  recorded  on  a 
evolving  drum  by  a  pointer  attached  to  the  hammer.  This  printer  also  records  the  position  the  specimen  assumes 
fter  the  shook.  Thus  data  are  obtained  for  determining  the  various  properties  of  the  wood  when  subjected  to 
hock. 

Height  of  Drop. — Height  of  drop  is  the  maximum  or  last  drop  of  the  hammer.  It  represents  a  quality  impor- 
ant  in  articles  which  are  occasionally  stressed  under  a  shock  beyond  their  elastic  limit,  such  as  handles  and  vehicle 
Ad  implement  parts. 

Hardneee. — Hardness  is  tested  by  measuring  the  load  required  to  embed  a  0.444-in.  ball  to  H  of  its  diameter  in 
he  wood.     This  test  is  a  modification  of  one  originated  by  Janka. 

The  hardness  test  is  applied  to  end,  radial,  and  tangential  surfaces  of  the  timber.  There  is  no  c<msistent  di£Fer> 
nee  between  radial  and  tangential  hardnesses  and  they  are  averaged  and  tabulated  as  "side  hardness.*'  End 
lardness  is  usually  greater  than  side  hardness.  The  quality  represented  by  these  figures  is  important  in  woods  for 
laving  blocks,  railroad  ties,  furniture,  flooring,  eto. 


APPENDIX  G 
TESTS  ON  BRICK  PIERS 

The  most  important  tests  on  brick  piers  of  recent  yean  were  made  by  J.  Q.  Bragg  of  the  Bureaa  of  Standards, 
the  tests  being  conducted  with  the  cooperation  of  the  National  Brick  Manufacturers'  Association.  The  50  piers 
tested  were  30  in.  square  and  were  of  a  height  of  10  ft.,  except  4  piers  reinforced  with  wire  mesh  which  were  6  ft 
The  bricks  were  selected  from  the  districts  of  Chicago,  Pittsburgh,  New  York,  and  New  Orleans.  They  were  das- 
sified  as  (1)  hard  burned  best  quality,  (2)  medium  burned  or  common,  and  (3)  soft  burned  or  inferior  quality. 
The  mortars,  bonding,  and  other  data  of  the  tests  of  piers  and  individual  bricks  are  given  in  Technologic  Ftpm 
No.  Ill,  Bureau  of  Standards.    The  accompanying  table  which  is  self -explanatory  is  quoted  therefrom. 
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A  BummAry  is  alao  submitted  in  Teobnologio  Paper  No.  Ill  of  the  results  of  Tests  by  Howard,  McCausland, 
MacOregor,  and  Kreuger  as  follows: 

Howard^B  TuU  (Eng.  Reo.,  March  22, 1913). — This  work  consists  of  several  series  of  pier  tests,  in  which  a  study 
was  made  of  various  mortars,  grades  of  brick,  and  methods  of  laying  the  bricks.  A  novel  feature  of  this  work  was  the 
laving  of  bricks  on  edge  and  in  some  case  breaking  joints  every  third  or  sixth  course,  instead  of  every  course.  The 
piers  tested  ranged  in  cross-sectional  dimensions  from  8  X  8in.  tol6  X  16  in.,  the  heights  varying  from  2  to  12  ft. 
6  in.  In  these  tests,  14  of  which  were  made  on  face-brick  piers  laid  in  1  part  Rosendale  cement  to  2  parts 
sand  mortar,  the  strength  was  found  to  vary  with  the  height  of  pier,  the  ultimate  resistance  of  the  pier  varying  frcHa 
12.5  to  18.1  %  of  the  compressive  strength  of  the  bricks.  Thirty-eight  common-brick  piers  of  the  same  mortar  and 
general  dimensions  developed  a  strength  of  from  7.8  to  17.6%  of  the  compressive  strength  of  the  bricks.  Laying 
the  bricks  on  edge  and  breaking  joints  every  third  or  sixth  course  increased  the  strength  considerably. 

Results  of  some  of  these  tests  are  given  in  the  following  table  which  is  taken  from  Burr's  Elasticity  and  Re- 
sistance of  the  Materials  of  Engineering,  sixth  edition,  page  426. 


Crushing  Strength  of  Brick  Piers  of  Various  Sizes  Laid  in  Different  Mortars 


Section  of 

Weight  per 

Ultimate 

No. 

Height  of  pier 

pier 

Composition  of  mortar 

cubic  foot 

resistance 

(inches) 

(pounds) 

(lb.  per  sq.  in.) 

al 

1  ft.  4  in. 

8X8 

1  lime,  3  sand 

137.4 

2520 

a2 

6  ft.  8  in. 

8X8 

1  lime,  3  sand 

133.5 

1877 

aZ 

1  ft.  4  in. 

8X8 

1  Portland  cement,  3  sand 

136.3 

3776 

a4 

6  ft.  8  in. 

8X8 

1  Portland  cement,  3  sand 

135.5 

2249 

aS 

2  ft.  0  in. 

12  X  12 

1  lime,  3  sand 

1940 

at 

2  ft.  0  in. 

12  X  12 

1  lime,  3  sand 

1900 

al 

10  ft.  0  in. 

12  X  12 

1  lime,  3  sand 

131.7 

1511 

a» 

10  ft.  0  in. 

12  X  12 

125.0 

1807 

a9 

2  ft.  0  in. 

12  X  12 

1  Portland  cement,  2  sand 

3670 

alO 

10  ft.  0  in. 

12  X  12 

1  Portland  cement,  2  sand 

132.2 

2253 

bll 

1  ft.  4  in. 

8X8 

I  lime,  3  sand 

135.6 

2440 

bl2 

6  ft.  8  in. 

8X8 

1  lime,  3  sand 

133.6 

1540 

bl3 

2  ft.  0  in. 

12  X  12 

1  lime,  3  sand 

2150 

614 

2  ft.  0  in. 

12  X  12 

1  lime.  3  sand 

2050 

615 

9  ft.  9  in. 

12  X  12 

1  lime,  3  sand 

131.5 

1118 

616 

10  ft.  0  in. 

12  X  12 

1  lime,  3  sand 

136.0 

1587 

617 

10  ft.  0  in. 

12  X  12 

1  Portland  cement,  2  sand 

131.0 

2003 

618 

2  ft.  0  in. 

16  X  16 

1  Portland  cement,  2  sand 

•  •  ■  •  • 

2720 

619 

10  ft.  0  in. 

16  X  16 

1  Portland  cement,  2  sand 

1887 

a.  The  kind  of  brick  used  in  this  test  was  face  brick,  with  an  average  compressive  strength  of  13,925  lb.  per 
sq.  in. 

6.  The  Idnd  of  brick  used  in  this  test  was  common  brick,  with  an  average  compressive  strength  of  18,337  lb. 
per   sq.   in. 

MeCau9Uan4r»  TmU  (Transactions  of  the  Association  of  Civil  Engineering  of  Cornell  University  for  1900). — 
This  investigation  was  composed  of  a  series  of  14  piers.  13  X  13  in.  in  crossHsectional  dimensions  and  80  in.  high, 
which  were  reinforced  laterally  in  the  horisontal  joints  with  steel  plates,  straps,  or  wire  meshing.  The  mortar  was 
oompoeed  of  1  part  Portland  cement  and  3  parts  sand.  The  bricks  used  had  a  compressive  strength  of  3500  lb.  per 
sq.  in.  In  these  tests  it  is  shown  that  the  efficiencies  of  the  piers  reinforced  with  iron  straps  and  plates  are  less  than 
those  of  the  piers  without  reinforcement.  The  piers  reinforced  with  wire  mesh  in  every  joint  developed  efficiencies 
of  46  %  as  compared  with  30  %  for  those  without  reinforcement.  However,  there  is  a  considerable  drop  in  efficiency 
from  the  piers  with  wire  mesh  in  every  joint  and  piers  with  wire  m^sh  in  every  second  joint,  which  developed  effi- 
eieneies  of  only  33  %. 

The  following  table  of  results  of  McCaustland's  tests  Is  taken  from  Burr's  Elasticity  and  Resistance  of  the 
Materials  of  Engineering,  sixth  edition,  page  425. 

MaeQregor*a  T«Ha  (Tests  made  by  Prof.  J.  S.  Macgregor,  Columbia  University). — The  object  of  this  investigar 
tion  was  to  ascertain  what  proportions  of  cement  and  lime  may  be  used  to  advantage  in  a  cement-lime  mortar  and 
the  effect  of  such  mortars  on  the  ultimate  compressive  strength  of  brick  masonry.  Seven  sets  of  brick  piers  8  X  8X 
84  in.  were  tested.  Each  set  of  9  piers  represented  a  different  proportion  of  mortar  with  varying  amounts  of  hjr- 
drated  lime.  £!ach  set  was  composed  of  3  groups  of  3  piers  each,  group  1  being  tested  at  7  days,  group  2  at  28  days, 
and  group  3  at  90  days.  The  bricks  used  were  hard-burned  face  bricks.  There  were  also  tested  7  piers  of  common 
briek,  one  for  each  different  mortar.  These  piers  served  as  a  check  on  the  hard-burned  face  brick  piers,  and 
were  tested  at  the  age  of  28  days.  In  these  tests  piere  laid  in  a  mortar  composed  of  1  part  (25  %  lime  and  75  % 
Portland  oement)  to  3  parts  sand  by  volume  developed  the  highest  strength.     Piers  laid  in  mortar  composed  of 
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Ultimate  Compressive  Resistanceof  13  X  13  X  SO-in.  Brick  Piers  With  Metal 

Reinforcement  in  Horizontal  Joints 
(Built  with  1  : 2  Portland  cement  mortar;  joints  0.3  in.  thick) 


No. 

Kinds  of  joints 

Ultimate  stress 

Efficiency 
per  cent,  of 
single  brick 

Total 

Pounds  per 
square  inch 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

• 

Portland -cement  mortar.  1:2 

194.000 
200.000 
136,400 
165,400 
130.000 
142.500 
192.000 
208.000 
282,000 
240.000 
174.000 
193,500 
162.000 
143,000 

1,150  \ 
1.184/ 
810  \ 
920/ 
780 
843      . 
1,136  \ 
1,248  / 
1.694  \ 
1.440  / 
1.030  1 
1.145  1 
974 
858, 

30 

24 

22 
24 

33 
46 

28 

Portland-cement  mortar.  1 :2 

Iron  straps  every  fourth  course 

Iron  straps  every  fourth  course 

Iron  strajM  every  sixth  course 

Iron  strajM  every  eighth  course 

Iron  netting  every  second  course 

Iron  nettins  every  second  course 

Wire  nettine  every  course 

Wire  nettinc  everv  course 

Iron  plate  every  fourth  course 

Iron  plate  every  fourth  course 

Iron  plate  every  fourth  course 

Iron  plate  every  fourth  course 

1  part  (50  %  lime  and  50  %  Portland  cement)  to  3  parts  sand  developed  higher  strengths  than  piers  laid  in  1  part 
cement  to  3  parts  sand  mortar. 

The  following  data  are  taken  from  Bulletin  J,  Hydrated  Lime  Bureau  of  the  National  Lime  Manufacturers' 
Association: 

Effect  of  Cement-Lime  Mortar  on  Strength  of  8  X  8-in.  Brick  Piers 


Mortar  mixture  used 


By  volume 


By  weight 


Age  when 
tested  (days) 


Compressive  strength 
(lb.  per  sq.  in.) 


Face-brick 

piers;  each 

result  an 

average  of 

3  tests 


Common-brick 

piers;  1 

test  only 


1  Portland  cement;  3  sand 

0.90  Portland  cement 

0.10  hydrated  lime 

3  sand 

0.85  Portland  cement 

0.15  hydrated  lime. 

3  sand 

0.75  Portland  cement 

0.25  hydrated  lime 

3  sand 

0.50  Portland  cement 

0.50  hydrated  lime 

3  sand 

0.25  Portland  cement 

0.75  hydrated  lime 

3  sand 

1  hydrated  lime 

3  sand 


100  Portland  cement;  300 

sand 

90  Portland  cement 

,  4  hydrated  lime 

300  sand 

85  Portland  cement 

6  hydrated  lime 

300  sand 

75  Portland  cement 

10  hydrated  lime 

300  sand 

50  Portland  cement 

20  hydrated  lime 

300  sand 

25  Portland  cement 

30  hydrated  lime 

300  sand 

40  hydrated  lime , 

300  sand 


7 
28 
90 

7 
28 
90 

7 
28 
90 

7 
28 
90 

7 
28 
90 

7 
28 
90 

7 
28 
93 


2630 
2840 
2840 
3080 
3170 
4435 
2890 
3230 
4300 
3120 
3470 
4170 
2760 
3100 
3820 
1945 
2370 
2720 
1535 
1870 
1950 


1170 


1189 


1340 


1685 


1300 


1032 
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Kr€ug€r*9  TuU  (CUy  Worker,  July  1016,  and  August  1016). — A  recent  inveetigatlon  by  Prof.  IT.  Krcuger  at 
the  Technical  High  School  in  Stockholm,  although  conducted  on  emaU  piers,  is  quite  comprehensive  in  its  scope. 
This  investigation  includes  most  of  the  variables  referred  to  in  x>revious  tests  and  some  tests  were  made  to  study 
the  effect  of  eccentric  loading.  The  piers  tested  were  approximately  1 1  in.  square,  ranging  in  height  from  6  to  33  in. 
With  bricks  of  various  strengths  laid  in  1  part  lime  to  3  part  sand  mortar,  the  piers  developed  strengths  of  from 
1S.5  to  26.5%  of  the  ultimate  compressive  strength  of  bricks.  It  must  be  noted,  however,  that  the  results  ob- 
tained by  Prof.  Kreuger  are  not  comparable  with  results  of  tests  made  in  the  United  States,  since  the  method 
of  testing  the  individual  bricks  is  different.  Prof.  Kreuger's  results  were  obtained  from  compression  tests  on  halves 
of  the  same  brick  cemented  together.  Since  the  compressive  strength  developed  in  this  manner  would  be  con- 
nderably  lower  than  in  the  case  of  a  single  half  brick  tested  flat,  the  efficiency  of  the  pier  would  be  correspondingly 
higber.  Tests  of  the  mortar  used  showed  an  increase  in  strength  from  28  days  to  1  year  of  33  to  165  %,  while  the 
piers  increased  in  strength  in  the  same  length  of  time  only  6  to  17  %.  The  introduction  of  wire  mesh  in  every 
Joint  increased  the  strength  88  to  100%.  Piers  loaded  eccentrically  on  one-half  their  bearing  surfaces  failed  at 
loads  slightly  under  one-half  the  loads  sustained  by  piers  loaded  concentrically,  and  no  cracking  was  observed  on 
the  so-called  tension  side  of  the  pier. 

The  following  data  are  taken  from  the  Clay  Worker  for  July  1017  and  August  1017.  The  results  have  been 
oonverted  from  the  metric  to  the  English  units  of  measure  and  retabulated. 


Influence  of  the  Strength  of  Brick 
(Mortar:  1  lime,  3  sand;  age:  28  days) 


Average  compressive 

%  of  compressive  strength  of  bricks 

No.  of 

Height  of 

Breadth 

strength 

developed  in 

piers 

piers 

of  piers 

(lb.  per  sq.  in.) 

piers 

tested 

(inches) 

(inches) 

Bricks  used 

Piers 

Minimum 

Maximum 

Average 

5 

34.0 

10.0 

1020 

410 

10.3 

23.7 

21.3 

4 

34.0 

0.5 

2510 

670 

23.7 

20.5 

26.5 

8 

33.0 

0.5 

4040 

880 

20.0 

24.3 

21.8 

5   . 

33.5 

0.5 

5300 

080 

15.0 

21.2 

18.5 

4 

31.0 

0.5 

7120 

1820 

24.7 

26.2 

25.5 

5 

30.5 

0.0 

8600 

1680 

17.5 

21.6 

10.5 

Influence  of  the  Strength  of  Mortar 
(Mortar:  1  lime,  3  sand;  age:  28  days) 


Pier 
No. 


1 

2 
3 

4 
5 
6 
7 


Compressive  strength 
Ob.  per  sq.  in.) 


Bricks 


Mortar 


Mortar  mixture 


4040 
4040 
4040 
4040 
4040 
4040 
4040 


0 

38 

355 

605 

1280 

1640 

2620 


Compressive 

strength 
(lb.  per  sq.  in.) 


Dry  sand 

1  lime;  8  sand 

2  lime;  1  cement;  0  sand 
1  lime;  1  cement;  6  sand 

1  lime;  2  cement;  0  sand 

2  lime;  1  'cement;  7  sand 
1  cement;  3  sand 


740 
740 
1420 
1840 
1700 
1030 
1080 
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Intlubncb  of  Vartinq  thx  Height  of  thb  Piers 
(Mortar:  1  lime,  3  sand) 


Compreasive  strength 

Breadth  of 

Ratio  of 

Compreesive  etrength 

Pi«r  no. 

of  brioki 

pier 

height  to 

of  piera 

(lb.  per  0q.  in.) 

Gnehee) 

breMith 

(lb.  per  eq.  in.) 

1 

3260 

10.6 

4.3 

2340 

2 

3260 

10.6 

8.7 

2320 

8 

8260 

10.6 

18.0 

1940 

4 

3260 

10.6 

17.4 

1620 

5 

3260 

10.6 

21.7 

1090 

6 

3260 

10.6 

26.4 

1020 

7 

3260 

10.6 

30.7 

Broke 

8 

3260 

10.6 

36.4 

780 

9 

3260 

10.6 

39.6 

880 

10 

3260 

10.6 

43.4 

880 

11 

3260 

10.6 

42.8 

750 

12 

3260 

10.6 

53.2 

780 

13 

3260 

10.6 

57.5 

640 

14 

3260 

10.6 

61.8 

610 

16 

3260 

10.6 

65.8 

660 

16 

8260 

10.6 

69.7 

660 

17 

3260 

10.6 

74.5 

610 

18 

3260 

10.6 

78.8 

610 

Effect  of  Eccentric  Loading 
(Mortar:  1  lime,  3  sand) 


Height  of 

pier 
(inohee) 

Breadth 
of  pier 
(inohee) 

Compreesive 

strength  of  brick 

(lb.  per  sq.  in.) 

• 

Compressive 

strength  of 

mortar 

(lb.  per  sq.  in.) 

Maximum  load 

Concentric  load 
(lb.  per  sq.  in.) 

Eccentric  load 
(lb.  per  sq.  in.) 

33 
33 
31 

9.4 
9.4 
9.4 

4040 
5600 
7100 

50 
50 
50 

890 
1220 
1860 

417 
570 
850 

Tests  made  by  the  Bureau  of  Standards  on  2  piers,  4  ft.  square  by  12  ft.  high,  brick  common  hard  burned,  laid 
in  1:1  oement  mortar,  ages  of  piera  31  and  57  dajm,  developed  compressive  strengths  of  6,580,000  and  1,710,000  lb. 
respectively  {Sng.  Record,  March  22,  1913). 

Other  information  on  tests  of  brick  pien  and  bricks  will  be  found  in  U.  S.  Rep.  Tests  of  Metals  1884-6,  Trans. 
Assoc.  C.  E.  Cornell  Univ.  1900,  Burr's  Elas.  and  Resist.  tA  Mat.,  Johnson's  Mat.  of  Construction,  Baker's  Masonry. 
Clay  Worker  July-Augiist  1916.  and  Mar.  1913.  Refer  to  Amer.  Soc.  Test.  Mat.  Rep.  of  Comm.  6-3,  Vol.  15,  915 
for  numerous  tests  on  building  brick  from  various  locations. 


APPENDIX  H 
TESTS  ON  TILE  WALLS 

The  following  result*  were  determined  by  the  Dej^rtment  of  Applied  Meohanios,  University  of  Toronto,  on 
tile  manufactured  in  that  locality.  An  8-in.  wall,  3  ft.  wide,  5H  ft.  high,  and  age  42  days,  failed  under  a  concentrie 
toad  of  100,000  lb.  when  the  tile  were  laid  with  fluee  running  vertical.  A  similar  wall  but  with  flues  horisontal 
failed  at  120.000  lb.  A  12-in.  wall,  other  dimensions  same  as  preceding,  age  38  days,  failed  at  190,000  lb.  (Proc.  Am. 
See.  Test.  Mat.  VoL  XVII,  part  1  Comm.  Reports,  p.  361-2). 

The  following  are  some  unpublished  results  of  the  Bureau  of  Standards;  tests  conducted  by  B.  D.  Hathoook. 


Stbenqths  of  Walls  of  Hollow  Tiles  in  Compression 

All  walls  are  4  ft.  wide  by  12  ft.  high  and  of  thickness  as  shown: 


Thickness  of 

wall 

Qnches) 

Tile 

Following  values  averages  of  3  tests 

Load  at 

first  sign 

of  distress 

(pounds) 

Maximum  load 

Compressive 

modulus 

(lb.  per 

sq.  in.) 

From 

Flues 
laid 

Net  area 
(sq.  in.) 

(pounds) 

(lb.  per 
(sq.  in.) 

6 

Ohio 

vertical 

134.0 

125,100 

297,500 

2,220 

1,480,000 

12 

240.0 

430.000 

543.000 

2,260 

1,970,000 

6 

horisontal 

80.0 

43.000 

205.000 

2,570 

3,625.000 

12 

132.5 

56.530 

221.700 

1,670 

3,180,000 

Following  values  averages  of  2  tests                                                                    1 

6 

New  Jersey 

m 

vertical 

152.0 

30,400 

211.000 

1,390 

1,950,000 

12 

256.0 

128.000 

655,000 

2,170 

2,205,000 

6 

horisontal 

90.0 

49.500 

114.000 

1,270 

1,430,000 
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The  following  t*ble  givet  a  reoord  of  unpublished  tetts  made  by  the  Bureau  of  Standards,  conducted  by  J.  H. 
Griffith,  1914-1017,  to  determine  the  lateral  strensths  of  walls  of  dimensions  given.  The  walls  were  vertical  with 
end  lateral  supports.  Transverse  loads  were  applied  over  the  width  at  midheight  with  results  as  shown  in  the  last 
column  of  figures. 


Transverse  Tests  op  Hollow  Tile  WALiiS 

Thickness 
(inches) 

Width 

Height 

Ck>nstruction 

Mortar 

Maximum 

transverse   load 

applied 

12H 

6  ft.  0  in. 

10  ft  0  in. 

8-in.  tile  faced 
with  brick 

1  part  cement 
3  parts  sand 
>4  part  lime 

3750 

12H 

5  ft.  0  in. 

10  ft.  0  in. 

aUtUe 

1  part  cement 
3  parts  sand 
yi  part  lime 

4750 

12H 

5  ft.  0  in. 

0  ft.  3  in. 

interlocking 
tile  faced 
with  brick 

1  part  cement 
3  parts  sand 
10%  lime  hydrate 

7500 

12H 

5  ft.  0  in. 

0  ft.  3  in. 

interlocking 
tile  entirely 

1  part  cement 
3  parts  sand 
10%  lime  hydrate 

6000 

12H 

5  ft.  0  in. 

9  ft.  3  in. 

interlocking 
tile  faced 
with  brick 

1  part  cement 
3  parts  sand 
10%  lime  hydrate 

2400 

12 

5  ft.  2  in. 

9  ft.  3  in. 

two  sises  tile  laid  alter- 
nately and  breaking 
jointa 

1  part  cement 
3  parts  sand 
10%  lime  hydrate 

5175 

12 

6  ft.  2  in. 

9  ft.  3  in. 

5  X  8  X  12-in.  tile  faced 
with  brick 

1  part  cement 
3  parts  sand 
10%  lime  hydrate 

3185 

These  walls  were  tested  in  a  vertical  position,  being  supported  laterally  at  top  and  bottom.  Lateral  presanre 
was  applied  along  the  full  length  of  the  wall  at  midheight  with  a  hydraulic  jack.  The  ohiOtbcter  of  failure  was  the 
same  in  all  cases,  vis.,  opening  of  joints  on  side  opposite  jack. 


APPENDIX  I 
STRENGTH  OF  STONE  MASONRY 

With  mott  stones  eommonly  used  in  building  oonstnietion,  the  strength  of  the  stone  itself  is  far  greater  than 
any  distributed  load  that  will  be  imposed  upon  it.  Any  limitations  of  strength  are  therefore  imposed  either  (1 ) 
through  faulty  and  uneven  bedding,  or  (2)  through  the  lower  strength  of  mortar  in  which  the  stones  are  set. 

Such  cases  of  failure  of  stone  masonry  as  are  on  record  indicate  that  failure  was  by  tension  of  flexure,  induced 
by  squeeaing  out  of  mortar  from  joints,  rather  than  in  compression.  No  experimental  data  has  been  obtained 
ezoept  on  relatively  small  brick  piers  (see  Appendix  (7),  but  these  tests  indicate  that  the  mortar  was  in  each  case 
the  weak  element  of  the  combination;  and  that  an  increase  of  50  %  in  the  strength  of  the  brick  produced  no  increase 
of  strength  in  the  structure,  while  substitution  of  cement  for  lime  mortar  increased  the  strength  70  %. 

AUotoabU  Prttaurea  on  Stone  Matcnry. — The  following  data  on  foundation  pressures  on  masonry  are  cited 
in  Baker's  Treatise  on  Masonry  Construction: 

"Early  builders  used  much  more  massive  masonry,  proportional  to  the  load  to  be  carried,  than  is  customary 
at  present.  Experience  and  experiments  have  shown  that  such  great  strength  is  unnecessary.  The  load  on  the 
monolithic  piers  supporting  the  large  churches  in  Europe  does  not  usually  exceed  30  tons  per  sq.  ft.  (420  lb.  per  sq. 
In.),  or  about  one-thirtieth  af  the  lUtimate  strength  of  the  stone  alone,  although  the  columns  of  the  Church  of  All 
Saints  at  Angers.  France,  are  said  to  sustain  43  tons  per  sq.  ft.  (600  lb.  per  sq.  in.).  The  stone-arch  bridge  of  140  ft. 
•pan  at  Pont-y-Psrrdd.  over  the  Taff,  in  Wales,  erected  in  1750,  is  supposed  to  have  a  pressure  of  72  tons  per  sq.  ft. 
(1000  lb.  per  sq.  in.)  on  hard  limestone  rubble  masonry  laid  in  lime  mortar.  The  granite  piers  of  the  Saltash  Bridge 
sustain  a  pressure  of  9  tons  per  sq.  ft.  (125  lb.  per  sq.  in.). 

**  The  maximum  pressure  on  the  granite  masonry  of  the  towers  of  the  Brooklyn  Bridge  is  about  28H  tons  per 
•q.  ft.  (about  400  lb.  per  sq.  in.).  The  maximum  pressure  on  the  limestone  masonry  of  this  bridge  is  about  10  tons 
per  sq.  ft.  (125  lb.  per  sq.  in.).  The  face  stones  ranged  in  cubical  contents  from  IK  to  5  cu.  3rd.;  the  stones  of  the 
granite  backing  averaged  about  IH  eu.  yd.,  and  of  the  limestone  about  IK  ou  yd.  per  piece.  The  mortar  was  1 
volume  of  Rosendale  natural  cement  and  2  of  sand.  The  stones  were  rough-axed  or  pointed  to  H-in.  bed-jointa  and 
yi-m.  vertical  face-joints. 

*'  In  the  Rookery  Building,  Chicago,  granite  columns  about  3  ft.  square  sustain  30  tons  per  sq.  ft.  (415  lb.  per 
sq.  in.)  without  any  signs  of  weakness. 

**  In  the  Washington  Monument,  Washington,  D.  C,  the  normal  pressure  on  the  lower  joint  of  the  walls 
of  the  shaft  is  20.2  tons  per  sq.  ft.  (280  lb.  per  sq.  in.),  and  the  maximum  pressure  brought  upon  any  jmnt  xmdei  the 
action  of  the  wind  is  25.4  tons  per  sq.  ft,  (350  lb.  per  sq.  in.). 

**  The  pressure  on  the  limestone  piers  of  the  St.  Louis  Bridge  was,  before  completion,  38  tons  per  sq.  ft.  (527  lb. 
per  sq.  in.);  and  after  completion  the  pressure  was  19  tons  per  sq.  ft.  (273)  lb.  per  sq.  in.)  on  the  piers  and  15  tons 
per  sq:  ft.  (198  lb.  per  sq.  in.)  on  the  abutments. 

**  The  limestone  masonry  in  the  towers  of  the  Niagara  Suspension  Bridge  failed  xmder  3d  tons  per  sq.  ft.,  and 
were  taken  down, — however,  the  masonry  was  not  well  executed. 

"  At  the  South  Street  Bridge,  Philadelphia,  the  pressure  on  the  limestone  rubble  masonry  in  the  pneumatic  piles 
is  15.7  tons  per  sq.  ft.  (220  lb.  per  sq.  in.)  at  the  bottom  and  12  tons  per  sq.  ft.  at  the  top.  The  maximum  pressure 
on  the  rubble  masonry  (laid  in  cement  mortar)  dl  some  of  the  large  masonry  dams  is  from  1 1  to  14  tons  per  sq.  ft. 
(154  to  195  lb.  per  sq.  in.).  The  Quaker  Bridge  dam  was  designed  for  a  maximum  pressure  of  16H  tons  per  sq.  ft, 
(230  lb.  per  sq.  in.)on  massive  rubble  masonry  in  best  hydraulic  cement  mortar. 

"  In  the  light  of  the  preceding  examples,  it  may  be  assumed  that  the  safe  load  for  the  different  classes  of  masonry 
is  about  as  follows,  protided  sacA  U  tht  bM<  of  its  daat: 

Net  tons  per  sq.  ft.  Lb.  per  sq.  in. 

Rubble 10  to  15  140  to  200 

Squared-stone 15  to  20  200  to  280 

Limestone  ashlar 20  to  25  280  to  350 

Granite  ashlar 25  to  30  350  to  400 

Concrete 30  to  40  400  to  550 

AVUnodbU  Pre99urea  Under  Building  Codet. — Building  codes  of  various  cities  in  the  United  States  vary  widely 
in  regard  to  pressures  allowed  on  stone  masonry.  A  tabulation  of  limits  and  averages  permitted  by  the  codes  of 
■iz  dtiee  is  given  on  p.  1442: 

91  1441 
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Kind  of  stone 

Pressurea 
(tons  per  sq.  ft.) 

High 

Low 

Averace 

Qraaite— — cut 

72 
60 
30 

43 
29 
12 

57.6 

Marbl«  and  limfwtone— fiut 

38.6 

Hftrd  aandatono— cut. 

21.0 

Mr.  ThomM  NoUn,  in  Kidder's  Pocket  Book,  p*ce  206,  gives  the  following  as  allowable  loads  for  di£Ferent  ki 
ctf  stonework,  and  states  that  "in  determining  the  safe  compressive  resistance  of  masonry  from  tests  on  the  ultim 
oomprenive  strength  of  the  same  Idnd,  a  factor  of  safety  of  at  least  10  should  be  allowed  for  piers  and  20  for  areht 


Tons  per 
square  foot 

Rubble  walls,  irregular  stones 3 

Rubble  walls,  eoursed,  soft  stone 2H 

Rubble  walls,  ooursed,  hard  stone 5  to  10 

Dimension-stone,  squared,  in  cement  mortar: 

Sandstone  and  limestone 10  to  20 

Granite 20to40 

Dressed  stone,  with  H-in.  dressed  joints,  in  Portland-cement  mortar: 

Granite 60 

Marble  or  limestone,  best 40 

Sandstone 30 


APPENDIX  J 
WORKING  STRESSES  FOR  REINFORCED  CONCRETE' 


1.  G«B«ral  AMampttons.«-Th«  foUowinc  working  itreww  at*- recommended  for  st*tie  loads.  Proper  allows 
aneet  for  ribration  and  imiwot  are  to  be  iwlded  to  live  loads  where  neoeesary  to  produce  an  equivalent  static  load 
before  applying  the  unit  stresses  in  proportioning  parts. 

In  selecting  the  permissible  working  stress  on  concrete,  the  designer  should  be  guided  by  the  working  stresses 
usually  allowed  for  other  materials  of  construction,  so  that  all  structures  of  the  same  class  composed  of  different 
materials  may  have  approximately  the  same  degree  ot  safety. 

The  following  recommendations  as  to  allowable  stresses  are  given  in  the  form  of  percentages  of  the  lUtimate 
strength  of  the  particular  concrete  which  is  to  be  used;  this  ultimate  strength  is  that  developed  at  an  age  of  28 
days,  in  cylinders  8  in.  in  diameter  and  10  in.  long,  of  the  consistency  described,*  made  and  stored  under  laboratory 
conditions.  In  the  absence  of  definite  knowledge  in  advance  of  construction  as  to  just  what  strength  may  be 
expected,  the  Committee  submits  the  following  values  as  those  which  should  be  obtained  with  materials  and  work- 
manship in  accordance  with  the  recommendations  of  this  report. 

Although  occasional  tests  may  show  higher  results  than  those  here  given,  the  Committeee  recommends  that 
these  values  should  be  the  maximum  used  in  design. 


Table  or  Comprbssivb  Strsnoth  of  Diffbrknt  Mixtures  of  Concrete 

(In  Pounds  per  Square  Inch) 


Aggregate 


1  :3' 


1:4H* 


I  :6" 


1:7H* 


1  :0< 


Granite,  trap  rock 

Gravel,  hard  limestone  and  hard 

sandstone 

Soft  limestone  and  sandstone. . . . 
Cinders 


3,300 

3,000 

2,200 

800 


2.800 

2,600 

1,800 

700 


2.200 

2,000 

1.600 

600 


1.800 

1,600 

1,200 

600 


1,400 

1,300 

1.000 

400 


Nora. — For  variations  in  the  moduli  of  elasticity  see  Sect.  8. 

•  Combined  volume  fine  and  coarse  aggregate  measured  separately. 

S.  Bearing. — When  compression  is  applied  to  a  surface  of  concrete  of  at  least  twice  the  loaded  area,  a  stress 
M  36%  of  the  compressive  strength  may  be  allowed  in  the  area  actually  under  load. 

S.  Axial  Compression.— (a)  For  concentric  compression  on  a  plain  concrete  pier,  the  length  of  which  does 
not  exceed  4  diameters,  or  on  a  column  reinforced  with  longitudinal  bars  only,  the  length  of  which  does  not  exceed 
12  diameters,  22.5  %  of  the  compreiuve  strength  may  be  allowed. 

(6)  Columns  with  longitudinal  reinforcement  to  the  extent  of  not  less  than  1  %  and  not  more  than  4  %  and  with 
lateral  ties  of  not  less  than  yi  in.  in  diameter,  12  in.  apart,  nor  more  than  16  diameters  of  the  longitudinal  bar: 
the  unit  recommended  for  (a). 

(e)  Columns  reinforced  with  not  lees  than  1  %  and  not  more  than  4  %  of  longitudinal  bars  and  with  circular 
hoops  or  spirals  not  less  than  1  %  of  the  volume  of  the  concrete  and  as  hereinafter  specified*:  a  unit  stress  66  %  higher 
than  given  for  (a),  provided  the  ratio  of  unsupported  length  of  column  to  diameter  of  the  hooped  core  is  not  more 
than  10. 

4.  Compression  in  Extreme  Fiber. — The  extreme  fiber  stress  of  beam,  calculated  on  the  assumption  of  a 
constant  modulus  of  elasticity  for  concrete  under  working  stresses  may  be  allowed  to  reach  32.6  %  of  the  compres- 
sive strength.     Adjacent  to  the  support  of  continuous  beams,  stresses  15  %  higher  may  be  used. 

*  From  Final  Report  of  the  Special  Committee  on  Concrete  and  Reinforced  Concrete  of  the  American  Society 
of  Civil  Engineers,  presented  before  the  Society,  Jan.  17.  1917. 

*  The  materials  shoiUd  be  mixed  wet  enough  to  produce  a  concrete  of  such  a  consbtency  as  will  flow  sluggishly 
into  the  forms  and  about  the  metal  reinforcement  when  used,  and  which,  at  the  same  time,  can  be  conveyed  from 
the  mixer  to  the  forms  without  separation  of  the  coarse  aggregate  from  the  mortar.  The  quantity  of  water  is  ot 
the  greatest  importance  in  securing  concrete  of  maximum  strength  and  density;  too  much  water  is  as  objectionable 
as  too  little. 

•  See  Art  7,  Seei.  & 
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6.  Shear  and  Diagonal  Tension. — In  calculations  on  beams  in  which  the  maximum  shearing  stress  in  a 
section  is  used  as  the  means  of  measuring  the  resistance  to  diagonal  tension  stress,  the  following  allowable  values  for 
the  maximum  vertical  shearing  stress  in  concrete,  calculated  by  the  method  given  in  formula  (22) i  are  recommended: 

(a)  For  beams  with  horisontal  bars  only  and  without  web  reinforcement,  2%  of  the  compressive  strength. 

(Jb)  For  beams  with  web  reinforcement  consisting  of  vertical  stirrups  looped  about  the  longitudinal  reinforcing 
bars  in  the  tension  side  of  the  beam  and  spaced  horisontally  not  more  than  one-half  the  depth  of  the  beam ;  or  for 
beams  in  which  longitudinal  bars  are  bent  up  at  an  angle  of  not  more  than  45  deg.  or  less  than  20  deg.  with  the 
axis  of  the  beam,  and  the  points  of  bending  are  spaced  horisontally  not  more  than  three-quarters  of  the  depth  of  the 
beam  apart,  not  to  exceed  4M%  of  the  compressive  strength. 

(c)  For  a  combination  of  bent  bars  and  vertical  stirrups  looped  about  the  reinforcing  bars  in  the  tension  side 
of  the  beam  and  spaced  horisontally  not  niore  than  one-half  of  the  depth  of  the  beam,  5%  of  the  compressive 
strength. 

{d)  For  beams  with  web  reinforcement  (either  vertical  or  inclined)  securely  attached  to  the  longitudinal  bars 
in  the  tension  side  of  the  beam  in  such  a  way  as  to  prevent  slipping  of  bar' past  the  stirrup,  and  spaced  horisontally 
not  more  than  one-half  of  the  depth  of  the  beam  in  case  of  vertical  stirrups  and  not  more  than  three-fourths  of  the 
depth  of  the  beam  in  the  case  of  inclined  members,  either  with  longitudinal  bars  bent  up  or  not,  6  %  of  the  compres- 
sive strength. 

The  web  reinforcement  in  case  any  is  used  should  be  proportioned  by  using  two-thirds  of  the  external  vertical 
shear  in  formulas  (24)*  or  (25)'.  The  effect  of  longitudinal  bars  bent  up  at  an  angle  of  from  20  to  45  deg.  with  the 
axis  of  the  beam,  may  be  taken  at  sections  of  the  beam  in  which  the  bent-up  bars  contribute  to  diagonal  tension 
resistance,  as  reducing  the  shearing  stresses  to  be  otherwise  provided  for.  The  amount  of  reduction  of  the  shearing 
stress  by  means  of  bent-up  bars  will  depend  upon  their  capacity  but  in  no  case  should  be  taken  as  greater  than  4H  % 
of  the  compressive  strength  of  the  concrete  over  the  effective  cross  section  of  the  beam  (formiUa  22)  i.  The  limit 
of  tensile  stress  in  the  bent-up  portion  of  the  bar  calculated  by  formiila  (25)',  using  in  this  formula  an  amount  oi 
total  shear  corresponding  to  the  reduction  in  shearing  stress  assumed  for  the  bent-up  bars,  may  be  taken  as  si>ecified 
for  the  working  stress  of  steel,  but  in  the  calculations  the  stress  in  the  bar  due  to  its  part  as  longitudinal  reinforce- 
ment of  the  beam  should  be  considered.  The  stresses  in  stirrups  and  inclined  members  when  combined  with  bent- 
up  bars  are  to  be  determined  by  finding  the  amount  of  the  total  shear  which  may  be  allowed  by  reason  of  the  bent 
up  bars,  and  subtracting  this  shear  from  the  total  external  vertical  shear.  Two-thirds  of  the  remainder  will  be  the 
shear  to  be  carried  by  the  stirrups,  using  formulas  (24)'  or  25'. 

Where  punching  shear  occurs,  provided  the  diagonal  tension  requirements  are  met,  a  shearing  stress  of  6  %  of 
the  compressive  strength  may  be  allowed. 

6.  Bond. — The  bond  stress  between  concrete  and  plain  reinforcing  bars  may  be  assumed  at  4  %  of  the  com- 
pressive strength,  or  2%  in  the  case  of  drawn  wire.  In  the  best  types  of  deformed  bar,  the  bond  stress  may  be 
increased,  but  not  to  exceed  5  %  of  the  compressive  strength  of  the  concrete. 

7.  Reinforcement. — The  tensile  or  compressive  stress  in  steel  should  not  exceed  16,000  lb.  per  sq.  in. 

In  structural  steel  members,  the  working  stresses  adopted  by  the  American  Railway  Engineering  Association 
are  recommended. 

8.  Modulus  of  Elasticity. — The  value  of  the  modulus  of  elasticity  of  concrete  has  a  wide  range,  depending  on 
the  materials  used,  the  age,  the  range  of  stresses  between  which  it  is  considered,  as  well  as  other  conditions.  It  is 
recommended  that,  in  computationslor  ihe  ^osilTon  of  the  neutral  axis,  and' Tor  the  resisting  moment  of  beams, 
and  for  compression  of  concrete  in  columns,  it  be  assumed  as: 

(a)  One-fortieth  that  of  steel,  when  the  strength  of  the  concrete  is  taken  as  not  more  than  800  lb.  per  sq.  in. 

(6)  One-fifteenth  that  of  steel,  when  the  strength  of  the  concrete  is  taken  as  greater  than  800  lb.  per  sq.  in.  and 
less  than  2200  lb.  per  sq.  in. 

(c)  One-twelfth  that  of  steel,  when  the  strength  of  the  concrete  is  taken  as  greater  than  2200  lb.  per  sq.  in.  and 
less  than  2900  lb.  per  sq.  in.,  and 

(<f )  One-tenth  that  of  steel,  when  the  strength  of  the  concrete  is  taken  as  greater  than  2900  lb.  per  sq.  in. 

Although  not  rigorously  accurate,  these  assumptions  will  give  safe  resiilts.  For  the  deflection  of  beams  which 
are  free  to  move  longitudinally  at  the  supports,  in  using  formiilas  for  deflection  which  do  not  take  into  account  the 
tensile  strength  developed  in  the  concrete,  a  modulus  of  one-eighth  of  that  of  steel  is  recommended. 


bjd 
*  Vertical  web  reinforcement, 


•  "  bjd- 


*  Bars  bent  up  at  angles  between  20  and  45  deg.  with  the  horisontal  and  web  members  inclined  at  45  dag.. 


(See  Standard  Notation,  Appendix  A.) 
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Aberthaw  Construction  Co..  1045 
Abrams-Harder  test  for  sands.  956 
Absolute  marimum  moment,  definition,  34 
Aooivtics  of  buildings,  747-753 

action  of  sound  in  a  room,  747 

conditions  for  perfect  acoustics,  747 

correction  of  faulty  acoustics,  748 

echoes  in  an  auditorium,  740 

effect  of  ventilation  system,  750 

experimental  investigation,  751 

formula  for  intensity  and  reverberation,  747 

interference  and  resonance,  750 

non-transmission  of  sound,  751 

sound  absorbing  coefficients,  table,  748 

sound-proof  rooms.  752 

transmission   and    reflection   oi  sound,   table, 

752 
vibrations  in  buildings,  753 
wires  and  sounding  toards,  750 
Aggregates,  concrete,  952-057 
Air,  1063 

dew  point,  1083 
humidity,  1063 
table  of  properties,  1084 
Air  compressors,  879 

lift  pumps.  1202-1205 
line  vacuum  heating  systems,  1124 
painting  eqmpment,  880-881 
riveters,  877 
Alignum  fireproof  Products  Co.,  doors,  633 
Alitis.  Arthur  E.,  on  Estimating  steel  buildings,  1028- 

1044 
Allen,  J.  R.,  1004,  1175,  1176 
Allen,  J.  Turley,  029 
Allowable  stress,  definition  5 
American  Blower  Co.,  1140,  1150 
American  Bridge  Co.,  beam  sketches,  321 
column  formiila,  116 
data  on  chains,  886 

recessed  pin  nuts,  and  cotter  pins,  tables,  298 
rivet  spacing  standard,  table,  260 
roof  truss  sections,  462 
stagger  of  rivets,  table,  277 
standard  for  rivets,  and  bolts,  262, 263, 260, 271 
structural  rivets,  bolt  heads  and  nuts,  262,  263 
unit  stresses  on  bolts,  271 
American  Concrete  Institute,  ruling  on  flat  slab  con- 
struction, 434 
on  steel  columns  in  concrete.  211 
specifications  for  concrete  building  stone,  1417- 
1419 
American  Institute  of  Architects,  report  on  school 
buildings,  758 
symbols  for  wiring  plans,  1313 
American  Radiator  Co.,  1152,  1153.  1162 
American  Railway  Engineers  Assoc.,  column  formula, 
116 
computing  deflection  of  beams,  100 
formiila    for   wooden   columns,    196,    197. 

199,  200 
working  stresses  for  roof  trusses,  506 


American  .Railway  Engineers  Assoc.,  working  unit 

stresses  for  structural  timber,  892 
American  Rolling  Mill  Co.,  940,  944,  945 
American  Steel  and  Wire  Co.,  964 
American  System  of  Rdnforcing,  961,  965,  975 
American  Telephone  and  Telegraph  Co.,  1390, 1301, 1303 
American  Water  Softener  Co.,  1184,  1185 
American  Waterworks  Association,  1214 
Anchors  for  beams  and  girders,  220 
An^e  connections  for  beams.  285.  404 
Arch,  three-hinged,  reactions  of,  21 

stresses  in,  56 
Arched  roof  trusses,  550-578 
Arches,  floor,  tee  Fire-resistive  floor  construction. 

masonry,  200-304 
Architects'  contracts,  1073 
rates  for  service,  1064 
Architectural  design,  711-722 
color  and  ornament,  712 
Gothic  system,  712  • 

modem  styles,  722 
orders  of  architecture,  713 
ornament,  Gothic,  713 

Renaissance,  721 
Renaissance  style,  713 
style.  712 
theory  of,  711 
iSe0  aUo  Public  buildings. 
Architectural  practice,  1064-1067 

architects'  rates  for  service,  1064 
contracts  for  building,  1065 
employment  of  architects,  1065 
financing  of  a  building  project,  1067 
schediUe  of  balding  costs,  1067 
Architectural  terra  cotta,  004-1000 
assembling,  005 
cleaning  down.  1000 
manufacturing  processes,  004 
pointing,  1000 
protection  in  shipping,  005 
raw  materials,  004 
setting,  000 

sizes  and  characteristics,  006 
surface,  finish  and  color,  006  , 
washes,  flashings,  anchors,  hangers,  etc,  006 
Arm  of  a  couple,  definition,  8 
Asbestos  roof  coverings,  505,  506 
sheathing  papers,  1010 
shingles,  502 
Ashlar  jointing,  612 
Asphalt  floors,  451 
Auditoriums,  ventilation  in,  1136 
Austin  Company,  704-708 
Auto  trucks  for  transporting  materials,  848 
Automobiles,  clearances  for,  800-802 
Axial  stress,  definition,  4 

Babcock.  G.  H..  1151 
Bailey.  Frank  S.,  46 
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Bdooniet,  60»-M8 
braoketa,  068 
OMitileyari,  602 
eurv^d,  666 
effect  of  bracket  on  oolumiit,  and  on  tide  of  girder. 

665,666 
floor  framing,  666 
theatre  balcony  framing,  667 
BaDlnger  and  Perrot,  794,  796.  797 
Bank  vaulU.  619 
Bar  threading  machines,  883 
Ban,  steel,  definition.  95 
Bams,  design  of,  775-778 
Basement  floors,  in  mill  construction,  897 
Bases  for  columns  on  masonry.  227-229 

wooden  columns,  201 
Bates,  H.  P.,  on  elevators.  1361-1380 
Bath  tubs,  1250 
Beam,  definition,  2 

Beams,  deflection  of,  under  unsymmetrical  bending,  93 
fiber  stress  coefficients  for.  90 
jvoperties  of  sections,  96-98 
reactions  of,  20 

Sm  al$o  Reinforced-ooncrete  beams.  Steel  beams. 
Wooden  beams. 
Beams,  restrained  and  continuous,  42-49 

assumption  in  design  of  continuous  beams,  42 
cast  iron.  45 
concentrated  loads,  46 
concrete,  45 

continuous  beam  practice,  45 
deflection,  49 
general  information,  42 
vaiemal  stresses.  49 
sftear  and  moment  constderations,  46 
shoring.  48 
steel.  45 

three-moment  equation,  43 
wood.  45 
Beams,  simple  and  cantilever.  34-41 
bending  formiUa.  35 

for  concrete.  37 
bond  in  concrete  beams.  39 
deflection,  40 
design,  method  of,  34 

of  wooden,  cast-iron,  and  steel  beams  for 
moment,  36 
diagonal  compression  and  tension,  39 
flange  buckling,  40 
horisontal  shear,  38 
moment  of  inertia,  35,  36 
shear,  138 

shear  variation  in  concrete  beams.  39 
shear  variation  in  wooden  and  steel  beams,  38 
spacing  of  bars  in  concrete  beams,  39 
summary  of  formulas  for  intemsl  stresses,  41 
unsymmetrical  bending,  41 
vertical  and  horisontal  shear,  relation  between , 

39 
vertical  shear,  38 
Bearing  at  ends  of  wooden  beams,  100 
Bearing  plates  and  bases,  227-229 

anchors  for  beams  and  girders,  229 
cast  bases,  228 
expansion  bearings,  228 
hinged  bolsters.  228 
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Bearing  platee  and  basai.  timplat  227 
Bending  moment,  definition,  22 
of  oast-Iron  lintels,  124 
of  oonerete  beams,  127 
of  steel  beams,  115 
of  wooden  beams,  table,  107-108 
iSss  oho  Wind  bracing  of  buildings. 
Bending  and  direct    stress,  concrete  and  reinforced 
eoncrcte,  68-79 
wood  and  steel,  64-68 
Bending  stress,  definition,  5 
Bending,  unsymmetrical,  79-94 

construction  of  S-polygons,  83 
deflection  of  beams,  93 
fiber  stress  coefficients  for  beams,  90 
flezural  modulus,  81 

formulas  for  fiber  stress  and  neutral  axis*  79 
investigation  of  beams,  89 
S-line  and  S-polygons,  81 
solution  of  problems,  86 
variation  in  fiber  stress,  92 
Bent  rods  for  concrete  work,  marking,  411 
Berg,  E.  J.,  1399 

Berger  Manufacturing  Co.,  940,  944,  978 
Betelle,  J.  O..  on  School  planning,  754-765 
Bethlehem  Steel  Co..  column  rolled  by,  98 
Bethlehem  steel  shapes,  manufacture  of,  95 

properties  of,  96 
Biel,  R.,  1109 

Bimbaum*s  tests  on  wood  screws.  239 
Blake-Knowles  brass  foundry,  785-786,  789 
Blowers,  ventilating,  1150 
Boat  spikes,  231,  235 
Boilers,  fuels,  and  chimneys,  1151-1166 
boiler  efficiency,  1155 

trimmings,  1154 
boilers,  types  of,  1151 
cast-iron  boilers,  1153 
check  valves,  1155 

chimney  dimensions,  for  residences,  1163 
chimnesrs,  1157 
coal,  storing  and  piling,  1156 
combustion  of  fuel,  1156 
connecting  two  boilers,  1154 
determining  sise  of  chimneys  for  power,  1159 
draft,  induced  and  forced,  1164 

loss  in  fire,  1158 
eoonomisers,  1164 
equivalent  evaporation,  1155 
feed  pump,  1155 
fire-tube  boilers,  1152 
fuel,  1155 

consumption,  1156 
grate  areas  of  boilers,  1153 
heating  surfaces  of  boilers,  1152 
height  of  chimneys  and  horsepower,  1157 
rating  of  boilers.  1153 
requirements  for  perfect  boiler,  1151 
residence  chimneys.  1160 
Scotch  marine  boiler.  1152 
settings  of  boilers,  1152 
shipping  and  erection.  1 155 
smoke,  1156 

stokers,  mechanical,  1165 
water-tube  boilers,  1152 
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Bolts,  door.  1024 
kinds  of.  232 

latoral  resistonoe,  232.  240 
rwittanoe  of  timber  to  preasure  from*  248 

to  withdrawal.  244 
reaistinc  moments.  240 
sises  of  machine,  table.  287 
tensile  strength.  238 
Bolts  for  steel  members.  260-271 

oompared  with  rivets.  270 
frip.  262 
unit  stresses,  271 
use  of,  271 

5ee  aUo  Spliees  and  connections  for  steel  mem- 
bers. 
Bond  strees.  definition.  6 

in  reinforoed  concrete  construction,  184 
Borings  for  foundationsr  847.  848 
Boston  Manufacturers  Mutual  Insurance  Ca,  884 
Bostwicic  Steel  Lath  Co.,  040,  046 
Box  girders.  182>180 

Bojd,  D.  K..  on  Architectural  terra  eotta.  004-1000 
on  Brick.  012-017 

on  Building  and  sheathing  papers,  etc.,  1018-1020 
on  Building  hardware.  1020-1026 
on  Lime,  lime  plaster  and  lime  mortar.  026 
on  Metal  lath.  030-047 
on  Structural  terra  cotto,  017-010 
Bracing  buildings  against  wind,  661-662 

trusses,  384 
Brackets  for  balconies,  668 
Bragg,  J.  Q.,  teste  on  brick  piers,  1430-1488 
Branne,  John  8.,  on  Roof  drainage.  600-603 
on  RoofM  and  roof  coyerings,  688-608 
on  Skylighte  and  rentilators.  608-608 
Brick.  01^017 
eement,  016 
classes  of,  012 

classificaticn  by  physical  properties.  014 
eolor.  912 

crushing  strength.  914 
enameled,  916 
fire.  916 

elay.  916 
fire- resistance  of.  338 
glased.  917 
manufacture  of.  913 
patented  interior  king.  917 
paving.  916 
quality,  914 
raw  material,  913 
sand  lime,  916 
sise  of.  915 
slag,  016 
Brick  floors,  449 
parti tiona,  619 
piers,  teste  on,  1430-1438 
▼enoer  walls,  615 
walls,  610 
table  of  stress,  611 
Brick  work,  827-829 

bonding  face  to  backing.  827 

cost  of,  103n 

estimating,  1056 

looation  of  mortar  supply.  827 
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Bridk  work,  material  eleraton.  828 
progress  of  work.  820 
scaffolding.  888 

serving  materials  to  masons,  828 
swinging  scaffolds.  888 
Bridge  construction,  effect  of  floor  beams.  26 
Bridging,  in  floor  construction.  877 
Broekett.  D..  1100 
Brown  Hoisting  Machinery  Co..  078 
Bubbling  fountoins.  1254-1256 
Buekete  for  excavating.  840  , 

Buckling  of  web.  115 
Buejmis  shovels.  835-886 
Buffalo  Wire  Works  Co.,  046 
Building  and  sheathing  papers,  etc,  1018-1020 
building  papers.  1019 
felt  papers.  1010 
for  frame  walls.  615 
insulators  and  quilte,  1010 
mineral  wool.  1020 
sheathing  papers.  1019 
uses.  1018 
Building  hardware.  1020-1026 
adjusters.  1023 
bolte,  door,  1024 
butte  or  hinges,  1022 
color  or  finish  d  finishing  hardware,  1020 
finishing,  1020 

hand  and  bevel  of  doors,  1025 
locks,  1021 

materials  of  building  hardware,  1020 
miscellaneous.  1025 
rough,  1020 
window  pull«ys.  1024 
Buildine  materials,  887-1026 

architectural  terra  cotta.  004-1000 
brick,  012-017 

building  and  sheathing  papera,  etc.,  1018-1020 
hardware,  1020-1026 
stone,  808-011 
oast  iron,  919-921 
.  cement.  947-952 

mortar  and  plain  concrete.  978-986 
ooncrete  aggregates  and  water.  952-057 
building  stone,  987-994 
reinforcement,  958-077 
glass  and  gUsing,  1004-1010 
gypsum  and  gypsum  producte,  934-089 
hullo w  building  tile,  017-010 
lime,  lime  plaster,  and  lime  mortar.  926-980 
metal  lath.  939-947 

paint,  stain,  varnish,  and  whitewash.  1011-1018 
reinforced  concrete,  080-087 
steel,  922-926 

structural  terra  cotte,  017-010 
stucco,  930-934 
tiling,  1000-1003 
timber,  887-808 
wrought  iron,  022 
Building  methods,  mc  Construction  methods. 
Building  site,  preparation  of,  807-800 

location  of  reference  pointe.  807 
photographs.  808 
removal  of  pipes,  wires,  ete..  808 
wrecking,  808 
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Building  stones.  808-911 

abrasive  resistance,  005 

absorption,  001 

carborundum  machines,  008 

color,  000 

corrosion  by  gases,  006 

crushing  strength,  003 

diamond  saw,  008 

dressing  machines,  007 

durability,  007 

elasticity.  004 

fire  resistance,  005 

frost  resistance,  004 

gang  saw,  007 

igranite,  008 

gritting  and  polishing  machines.  008 

hardness,  000 

ign^olis  rock,  008 

lathes,  008 

limestones,  010 

marbles,  010 

microscopic  examination,  006 

minerals  in,  808 

permeability,  002 

planing  machines,  008 

polish,  001 

porosity.  001 

properties  and  testing,  000 
distribution  and  uses.  008 

quarry  water,  002 

rocks  used  for.  809 

rubbing  bed,  008 

sandstones,  000 

shearing  strength.  004 

slate,  Oil 
tests  for,  906 

softening  effect  of  water,  005 

sonorousness,  906 

specific  gravity,  905 

strength,  903 

styles  of  dressing,  907 

texture,  900 

transverse  strength,  904 

weight  per  cubic  foot.  905 
Building,  system  and  control  in.  803-807 

cost  data,  standard  manual  for.  806 
daily  reports  and  diaries,  807 
elements  of  time  schedule,  803 
stages  of  building  operations,  804 
time  involved,  804 
time  schedule,  803-806 
working  estimate,  806 
Buildings,  types  of,  332 
Built-in  beam,  definition,  2 
Built  up  wooden  columns,  197 

girders,  173-174 
Burr,  W.  H.,  formxilas  for  wooden  columns,  197 
Burt,  H.  J.,  on  Balconies,  662-668 

on  Long  span  construction,  669-676 
on  Steel  floor  and  roof  framing,  397-410    r. 
on  Tanks,  645-651 

on  Wind  bracing  of  buildings,  651-662 
Butt  joints,  271-279 
Buttresses,  305-308^ 
Butts,  1022 
Byers  Co.,  1172 
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Caisson  excavation,  813 
Caissons,  open,  365 
Caissons,  pneumatic,  361-365 

concrete,  364 

cutting  edges,  363 

designs,  362 

sealing  the  caisson,  365 

shafts,  365 

steel,  363 

water-tight  cellars,  365 

wood,  364 
Camber  in  trusses,  825 
Cambria  Steel  Handbook,  formulas,  116 
Cantilever  beams,  34-41 

definition,  2,  24 

for  balcony,  662 
Cap  construction,  in  concrete  work,  438 
Carnegie  Steel  Co.,  steel  column  rolled  by,  98 
Carpenter,  H.  V.,  1092 

Carpenter.  R.  C,  table  of  chimney  dimensions,  1163 
table  of  properties  of  air,  1084 
table  of  quantity  of  air  discharged  through  flue, 
1117 
Carpentry,  cost  of,  1039 
Carrier  Engineering  Corporation,  1885 
Cast  bases  on  masonry,  228 
Cast  iron,  919-921 

design  of  casting,  921 

factor  of  safety  of,  5 

gray  iron,  930 

kinds,  919 

malleable,  921 

maQufacture,  methods  of,  919 

semi-steel,  921 

shrinkage  stress.  6 

stress-deformation  diagram  for,  4 

white  iron,  921 
Cast-iron  columns,  202-205 

bracket  connections,  204 

caps  and  bases,  204 

design  of,  203 

formxilas  for  unit  stresses,  203 

inspection  of  203 

manufacture  of,  202 

properties  of,  202 

tables  of  standard  connections.  206 

tests  of.  203 

use  of.  202 
CMt-iron  lintels.  123-126 

bending,  124 

cross  section,  124 

illustrative  problems,  125 

loads  supported,  124 

proportions,  124 

shear,  124 

strength,  table  of,  125,  126 

working  stresses,  124 
Cast-iron  sections,  properties  of,  98 
Catch  basins,  502 
Cement,  947-952 
bxilk,  use  of.  952 
chemical  analysis.  951 
compressive  strength,  950 
containers  for,  951 
fineness,  949 
grappier,  948 
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Cement,  hydimulio  lime.  947 
natural,  948 
normal  consistency,  950 
Portland,  948.  949,  1408 
puxsolan,  948 
seasoning,  952 
slag  cement,  948 
soundness,  951 
specific  gravity.  951 
specifications,  951.  1408 
storing.  951 
tensile  strength,  950 
testing,  949 
time  of  setting,  950 
weight.  952 
Cement  floors,  450 

gun,  882 
Cement  mortar  and  plain  concrete,  978-980 

curing  conditions,  effect  on  strength,  985 

density  and  strength,  983 

formative  processes  in  concrete,  978 

impurities  and  strength,  983 

mixing  and  placing  concrete,  980 

placing  concrete  and  its  relation  to  quality, 

981 
qualities  of  concrete,  978,  981 
quantities  of  materials  per  cubic  yard,  985 
strength  values  of  neat  cement  and  mortars, 

982 
strengths  of  concrete,  average,  983 
tensile  and  compressive  strengths.  983 
time  required  to  produce  cementing  solu- 
tions, 979 
University  of  Illinois  tests.  984 
University  of  Wisconsin  tests.  984 
water,  excess  and  sufficient.  979 
Watertown  Arsenal  tests,  984 
weight  of  mortar  and  concrete,  986 
Cement  tile  roofing.  596 
Center  of  moments,  definition,  7 

of  gravity,  definition,  16 
Centroid  of  an  area,  16 
Ceramic  mosaic  floors,  450 
Chains  and  chain  tackle,  885 
Chanelath,  972 

Charitable  purpose  buildings,  744 
Charles.  S.  A.,  1197 

Chessman,  G.  H.,  on  Elevators.  1361-1380 
Chemical  closets.  1238-1242 
industries,  791 
plumbing,  1249 
stains.  1016 
Chicago  boom,  873 

Chicago  Building  Ordinance,  fire  protection  rules,  339 
for  long  columns,  213 
table  of  stress  on  brick  work,  61 1 
Chimney  space,  framing  for,  408 
Chimneys,  691-699,  1157-1164 
breech  opening,  sise  of,  691 
brick  stacks,  692 
capacity  of  commercial  tile  as  chimney  liningi^, 

1162- 
concrete  stack,  693 
design  of.  692 

determining  sise  for  power,  1159 
draft  loss  in  fire,  1158 
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Chimneys  for  power  plants,  1157 

guyed  steel  stacks,  699 

height  and  sise.  for  residences.  1163 

height,  horsepower,  and  areas,  table,  1157 

ladders,  609 

large,  linings  for,  691 

lightning  conductors,  699 

residence,  1160 

shape,  601 

sise  and  height,  691 

small,  construction  of,  691 

steel  stacks,  697 

temperature  reinforcement,  691 
Chipping  tools,  878 
Chord  of  roof,  2 
Churches,  737 
Cisterns,  1211 
City  buildings,  foundations  for,  354 

halls,  design.  723 

water  lifts.  1207 
Civic  centers.  736 
Clapboard,  615 
Clay  tile  roofing,  506 

Clearances  for  freight  tracks  and  automobiles,  800-802 
Clewell,  C.  £.,  1338 
Clifford,  W.  W.,  on  Concrete  deUlling,  321-331 

on  Restrained  and  continuous  beams,  42-49 

on  Simple  and  cantilever  beams,  34-41 

on  Steel  shapes  and  properties  of  sections,  95-  98 

on  Stress  and  deformation,  3-6 
Clinton  Wire  Cloth  Co.,  946,  963 
Closets,  toilet,  aee  Waterless  toilet  conveniences 
Club  houses,  design,  725 
Cochrane,  V.  H.,  277 
Coefficient  of  elasticity,  definition,  8 

of  expansion,  definition,  6 
Cofferdams,  361 
Cold  storage  plants,  1388-1389 
partitions  in,  622 
refrigerator  duors  in,  681 
walls  for,  617 
Color  pigments,  1012 
Colosseums,  design,  725 
Column,  definition,  2 
Columns,  58-64 

application  of  column  loads,  60 

bearing  plates  for,  227 

cast-iron,  202-205 

column  formulas.  64 

columns  and  struts.  50 

concrete,  210-227.  326 

connections  with  girders,  257 

end  conditions.  59 

Elder's  formula.  60 

fire-resistive  con«truction,  340-342 

formulas,  60.  62 

Gordon's  formula,  61 

loads,  58 

parabolic  formiUa,  62 

Schneider's  reduction  of  live  load,  68 

steel.  98,  206-200 
column  formulas,  62 

straight-line  formiUa,  62 

stresses  due  to  concentric  loading,  60 

timber  column  formulas,  64 

wooden.  19.S-202 
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Combined  streaees,  definition,  4 
romfort  etotione,  public,  70^776 
CommunicAting  systems,  1390-1897 
Components  of  a  foree,  definition,  7 
Composite  order  of  architecture.  718 
Composition  of  forces,  definition,  7 

floors,  451 
Composition  of  concurrent  forces,  8,  9 
algebraic  method.  18 
graphical  method.  12 
Compression,  definition.  3 

flange,  lateral  support  of.  116 
members,  splicing.  279 
splices.  254 
Compressive  stress,  definition,  3 
Compressors,  air,  879 
Concentrated  force,  definition.  7 

load  sjrstems.  shears  and  moments,  82 
Concrete,  bending  and  direct  stress,  68-79 
coefficient  of  expansion,  6 
factor  of  safety  of.  5 
fire-resistance  of,  338 
plain,  978-986.    Set  aUo  Cement  mortar  and  plain 

concrete. 
reinf(nrced,  «m  Reinforced  concrete, 
shrinkage  stress,  6 
strength  of,  5 

stress  deformation,  diagram  for,  4 
unit  price'  of,  in  building,  1058 
Concrete  aggregates  and  water,  952-957 
Abrams-Harder  test,  956 
blast-furnace  slag.  955 
cinders.  955 
classification.  952 
coarse  aggregates,  materials  suitable  for.  968 

required  shape  and  sixe.  956 
crushed  stone  and  screenings.  955 
fine  aggregates,  materials  suitable  for,  955 

required  shape  and  sise,  956 
general  requirements,  952 
granite,  953 
gravel,  954 
igneous  rocks,  953 
impurities  in,  957 
limestone,  954 
metamorphic  rocks,  954 
qualities  of  coarse  and  fine  aggregates,  953 
sand,  organic  contamination  of.  956 
sands,  test  for  quality  of,  956 
sandstone,  954 
sea  sand,  955 
sedimentary  rocks,  953 
trap  rock,  953 
water,  957 
Concrete  beams,  bending  formulas.  37 

Stt   aUo    Beams,    restrained    and    continuous; 
Beams,   simple  and   cantilever;    Reinforced* 
concrete  beams. 
Concrete  building  stone,  987-994 
consistency,  989 
dry-tamp  method.  988 
grades,  987 

manufacture,  methods  of,  988 
materials.  991 

ornamental  work  from  special  molds,  991 
pressure  method.  989 
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Cooorete  building  stone,  standard  units.  090 

standards  and  speoifioations,  093.  1417-1419 

surfaces,  991 

trim  stone,  991 

uses  of  cheaper  grades,  988 

wet-cast  method,  989 
Concrete  buildings,  estimating,  1045-1U68 

wiring'  for  electricity,  1315-1316 
Concrete  columm*.  210-227 

bending  column  bars,  213 

column  graphs.  215 

Emperger  columns.  212,  217 

lap  on  column  bars,  213 

long  columns,  213 

plain.  210 

plotting  graphs,  215 

provision  for  additional  stories,  214 

reinforcement  at  base,  213 

spiral  spacing  bars.  213 

tobies,  214 
structural  steel  and  concrete,  211 
supporting  long-span  beams,  214 
tobies  of  areas  and  weights.  219-226 

of  areas  of  circles.  227 

of  safe  loads.  217 

of  volume,  218 
types,  210 
vertical  bars  and  ties,  210 

steel  and  spiral  reinforcement,  211 
Concrete  construction  methods,  818-823 
bonding  new  to  old  concrete.  822 
continuous  beams,  45 
eifects  of  weather.  823 
finishing  concrete  surfaces,  822 
floor  arch  systems,  823 
forms  for,  818 
grinding  surfaces,  822 
handh'ng  and  storing  materials,  820 
measurement  of  materials,  821 

mixing  concrete,  821 
placing  of  concrete.  821 
removing  form  marks,  822 
repairing  surface  honeycomb,  822 
special  surface  finishes,  822 
transporting  concrete,  821 
See  also  Flat  slab  construction. 
Concrete  detoiling,  321-331 
beams,  324 
bond,  325 
columns,  326 
connections,  325 
eonstruction  joints,  327 
dimensions,  321 
engine  foundations,  327 
flat  slabs,  324 
footings,  327, 
framing  plans,  322 
inflection  points,  325 
outlines,  321 
pits  and  tunnels,  327 
reinforcement  assembly,  328 

cover,  328 

detoils  of  the  architect,  and  engineer,  322 
retoining  walls,  327 
rod  sisee,  329 

spacing,  324.  325.  820 
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CoDorate  detaUiac  rod  liaea,  sj^Uoes,  838 

seale  and  oonventions,  823 

•ehedulea,  830 

Motions,  824 

shop  bending,  828 

slabs  and  walls.  828 

spacers.  824,  827 

spiral  hooping,  827 

splices,  827 

stirrups,  825 
Ckmorete  equipment,  860-870 

barrows,  805 

bending  reinforcement,  equipment  for,  801 

buckets,  800 

carts,  805 

dram  mixers.  802 

gravity  mixers,  802 

hand  benders,  801 

handling  forms,  860 

hoists.  800 

loading  the  mixer,  804 

machine  mixing,  808 
vs.  hand-mixing,  801 

measuring  materials,  805 

pneumatic  mixers,  802 

power  operated  benders,  861 

sections  used  in  spouting,  800 

spouting  plants,  870 

spouts  or  chutes,  800 

surfacing  machines,  881 

time  of  mixing,  808 

transporting  and  placing  concrete,  805 

trough  mixers,  802 
Concrete  floor  and  roof  framing,  410-433 
floors,  300 
footings,  366 
partitions,  020 
piles,  driving,  810 
raft  foundations,  875 
Concrete  reinforcement,  058-077 

American  bars.  001 

bars,  speciflcations  for,  1413-1416 

chanelath,  072 

ooeflicient  of  expansion,  058 

Corr-mesh,  072 
sjrstem,  075 

Corr-X-metal.  008 

corrugated  bars.  060 

cost  of  bars,  050 

Cummlngs  system,  075 

deformed  bars,  050 

diamond  bar,  050 

dovetailed  corrugated  sheets,  073 

ecooo  expanded  metal.  060 

expanded  meUl,  067 

OF  expanded  metal,  070 

Havemeyer  bars,  060 

Hennebique  ssrstem,  076 

Hy-rib.  073 

inland  tar.  061 

Kahn  mesh,  068 
system,  073 

lock-woven  steel  fabric,  006 

Luten  truss,  070 

modulus  of  elasticity,  058 

pin-connected  system,  070 
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Concrete  reinforoement,  rib  bar,  001 
metal,  071 

ribplex,  078 

self-centering  fabrics,  071 

self-sentering,  072 

shop  fabricated  sjrstem,  077 

steelcrete,  007-008 
quality  of,  058 
speciflcations,  058,  1413-1416 
wire  gage,  table,  068 

surface  of,  058 

sjrstems  for  beams,  girders,  and  columns,  078 

triangle-mesh  wire  fabric,  004 

types  of,  058 

unit  system,  075 
wire  fabric,  005 

welded  wire  fabric,  003 

wire  fabric,  003 

^isco  reinforcing  mesh,  007 

working  stresses,  058 

Xpantruss  system,  077 
Concrete  roof  decks,  500 

sections,  properties  of,  08 
Steel  Engineering  Co.,  050 
walls.  010 
Concreting  plant  for  foundation  work,  814 
Concurrent  forces,  composition  and  resolution  of,  8,  0 

definition,  7 

equilibrium,  0,  10 
Condensation  on  roofs,  508 

Conklin,  C.  D.,  Jr.,  on  Standardised  industrial  build- 
ings, 703-800 
on  Structural  steel  detailing,  310-821 
Connection  angles  for  beams  and  girders,  285,  404 
Connections  of  wooden  and  steel  members,  «m  Splices 

and  connections. 
Consid4re*s  formula  for  concrete  columns,  211 
Consolidated  Expanded  Metal  Co.,  042.  007,  077 
Construction  equipment,  833-880 

concrete  equipment,  860-870 

excavating  equipment,  883-847 

hoists,  derricks,  and  scaffolds,  871-876 

lighting  equipment,  882 

material  transportation  equipment.  847-848 

miscellaneous,  870-880 

pile  driving  equipment,  848-858 

pumping  equipment,  858-800 

steel  erection  equipment,  877-870 

wood  working  equipment,  870-871 
Construction  in  wood.  824-825 

materials.  887-1030 
Construction  methods.  803-832 

brick  work,  827-820 

construction  in  wood.  824-825 

elevator  and  stair  work.  830-831 

excavating.  811-813 

floor  construction.  817-823 

foundation  work,  814-815 

mechanical  trades,  820-830 

pile  driving,  800-811 

preparation  of  site,  807-800 

sequence  of  finishing  trades,  831-882 

stone  work,  825-827 

structural  steel  work,  815-817 

system  and  control  in  building,  803-807 

Pao9*  808-1444,  Vol.  II. 


1452 


INDEX 


Continuoua  beam,  definition,  2 

be^imB,  42-40 
Contracts.  1068-1073 

arbitration,  1073 

architect's,  1073 

changee  in  pland.  1072 

construction  material,  1072 

''ontracting  vs.  day  labor,  1068 

^H)et  plus  fixed  fee,  1070 
percentage,  1069 
scale  of  fees.  1070 

departments  in  contracting,  1071 

extra  work,  1072 

for  building,  1065 

forms  of,  1069 

general  contractor,  1070 

lump  sum,  1069 

percentage,  1070 

plans  and  specifications.  1072 

public  and  private,  1068 

quantities  of  work,  1071 

quantity  surveying,  1072 

subcontracts,  1071 

unit  price,  1060 
Convention  halls,  725 
Coplanar  forces,  definition,  7 
Copper  roofs.  594 
Corbels.  611 

Corinthian  order  of  architecture,  717 
Cork  tile  floors,  449 
Cornices,  598 

and  parapet  walls,  624-627 
Corp,  C.  I.,  1194 
Corr-meeh,  972 

S3rstem  of  reinforcement,  975 

-x-mctal.  968 
Corrugated  Bar  Co..  943,  944,  960.  968.  972.  975 
Corrugated  iron  or  steel,  cost  of,  1039 

steel  roofs.  595 
Cost  data  in  building  operations,  806 

of  concrete  buildings,  1045-1063 

of  steel  buildings,  estimating,  1028-1044 
Cotton  rope.  884 
Couple,  definition,  7^ 
Coursed  ashlar.  612 
Court  houses,  design,  722 
Cover  plates,  117 

splicing,  285 
Cox,  William.  1359 

Crowell-Lundoff-Little  Company,  796,  797,  798 
Crystall  Springs  Water  Co.,  1182 
Cummings  system  of  reinforcement,  975 
Curtain  walls.  617 
Curves,  stress  and  deformation,  4 
Cutting  wheels  for  steel,  879 

Damp  proofing,  of  walls,  614 

Dance  halls  and  academies,  735 

Davidson,  John,  1150 

Day,  Prof.  W.  H.,  1399 

Dead  load,  definition,  2 

Deadening  partitions,  617 

Dean,  F.  W.,  on  Slow-burning  timber  mill  construction, 

391-397 
Definitions  of  terms,  2-3 
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Deflection  of  steel  beams,  116 

of  wooden  beams,  100 
Deflections  for  timber  joists,  tables,  104-107,  10^114 
Deformation,  8-6 
Derricks.  872-873 

A-frame,  873 

Chicago  boom,  873 

gin  pole,  873 

in  structural  steel  work,  816 
Design,  architectural,  711-722 
Detention  buildings,  730 
Dewell,  H.  D.,  on  Construction  in  wood,  824-825 

on  Floor  and  roof  framing,  377-391 

on  Splices  and  connections,  231-250 

on  Timber,  887-808 

on  Timber  detailing,  308-310 

on  Wooden  beams,  08-114 

on  Wooden  columns,  105-202 

on  Wooden  girders,  172-181 
Dibble,  S.  E.,  on  Plumbing  and  drainage,  1245 
Direct  stress,  concrete  and  reinforced  concrete,  68-79 

wood  and  steel,  64-68 
Distributed  force,  definition,  7 
Doerfling,  R.  G.,  on  Domes.  609-710 
Dollys  for  steel  erection,  877 
Domes,  699-710 

dead  loads,  700 

definitions,  699 

framed.  700 

framing  material  and  cover,  707 

loads.  699 

reinforcement  for  solid,  710 

■now  loads,  700 

solid,  707 

stress  diagrams,  701 
formulas,  704 

wind  and  snow  loads,  700 
pressure,  699 
Donnelly,  James  A.,  1104 

Donnelly  positive  differential  ssrstem  of  heating,  1124 
Doors,  630-633 

cross  horizontal  folding,  631 

estimating,  for  buildings,  1056 

freight  elevator,  632 

hand  and  bevel  of,  1025 

hollow  metal,  632 

hospital  and  hotel,  631 

kalameined  doors,  632 

metal  clad,  633 

alignum  fireproof,  633 

office  building,  630 

pyrona,  632 

refrigerator,  in  cold  storage  buildinsi,  631 

residence,  630 

revolving,  633 

steel,  632 
Doric  order  of  architecture,  715 
Double-layer  beam  girder,  117 
Drainage,  1245-1284;  tee  aho  Plumbing  and  drainage. 

for  ground  floors,  453 

of  roofs,  599 

regulations,  1256-1284 
Drains,  subsoil  and  trench,  1245 
Dredged  wells  for  foundations,  366 
Drills,  air  and  electric,  878 

rock,  844 
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Drinking  fountidxM.  1254^1256 

Driving  rivets.  268 

Drop  construction,  in  concrete  work,  436 

hammers.  853 
Duchemin  formula.  467 
Dunstall.  H.  L.,  1346 

Eeoentrio  force,  definition,  4 

Econo  ezjMmded  metal,  960 

Edwards.  J.  J..  1039 

Elastic  limit,  definition,  3 

Elasticity,  modulus  of,  tw  Modulus  of  elasticity. 

Electric  lighting  and  illumination,  1317-1348 

appearance,  1323 

coefficients  of  illumination,  table,  1321 

color  value,  1323 

COS  and  sin.  table,  1330 

daylight    illumination,    working    intensities, 
1345 

design  of  lighting  systems,  1323 

diffusion  of  light.  1322 

distribution  curves.  1818 
of  light,  1317 

efficiency  of  system,  1820 

eye  protection.  1322 

factories,  natural  lighting  of,  1846 

general,  1317 

globes  and  shades,  1385 

height  of  lamps.  1340 

industrial  lighting,  1888 

intensities  for  various  dssses  of  work,  1880 
of  illumination,  table.  1827 

light  and  illumination,  1817 

lighting  accessories.  1334 

local  and  general  illumination,  1824 

minimum  illumination,  1344 

multiple  tungsten  lamps,  1325 

natural  or  daylight  illumination,  1844 

office  lighting,  1336-1338 

percent  increase  in  illumination.  1330 

quantity  and  distribution  of  light.  1326 

ratio  of  inside  to  outside  illumination.  1345 

reflectors,  1385 
ratio  between  vertical  and  hortjontal  illumi- 
nation. 1342 

residence  lighting,  1342 

■election  of  lighting  units.  1324 

•ise  and  location  of  lamps,  1328 

■ises  of  squares,  direct  lighting.  1332 

skylights  in  factories,  1347-1348 

•pacing   and   mounting   heights  for  various 
units,  1322 
and  sise  of  lamps.  1841 

types  of  Ughting  systems.  1323 

uniformity  of  lighting,  1320 

units  of  illumination.  1319 

window  space,  value  of.  1346 

windows,  sise  and  location,  1846 
Electric  lighting  equipment,  882 
Electric  Welding  Co.,  975 
Electrical  equipment,  1285-1316 

alternating-current  generators.  1202 

motors.  1202 
armored  cable,  1303 
calculation  of  d.-c.  circuits,  1206 

of  voltage  drop,  1208 
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Electrical    equipment,    carrsring    capacity   of    wires, 

table.  1206 
cartridge  fuse.  1306 
center  of  distribution,  1300 
circuits,  kinds  of,  1280 
concealed  conduit  construction,  1315 
conductor  convertible  ssrstem  table,  1302 
current.  1286 
currents,  kinds  of,  1280 
cut-out  panels  and  cabinets.  1307 
determining  wire  for  an  installation.  1310 
distributing  systems.  1300 
effect  of  temperature  upon  resistance,  1286 
electric  circuit.  1280 
electrical  pressure,  1286 

quantities.  1285 
electrolier  switch,  1307 
electromotive  force,  1286 
enclosed  fuses.  1305 
energy,  electrical,  1285 
exposed  conduit  system.  1315 
flexible  conduits.  1302 

tubing.  1303 
fuse  and  wire  dies  for  induction  motors,  tables* 

1304,  1305 
fuses,  1303 

heat  developed  in  a  wire.  1287 
household  appliances.  1203 
interior  wiring,  1203 
knob  and  tube  wiring,  1303 
loss  in  feeders  and  mains,  1310 
machines  and  apparatus,  1200 
Ohm's  law,  1287 
outlet  boxes,  1308 
outlets,  number  for  one  feeder,  1310 
parts  of  a  circuit,  1300 
power.  1285 

protection  of  circuits,  1303 
pressure  or  voltage  drop,  1287 
resistance.  1286 
rigid  conduit,  1300 
selection  of  a  feeder  system,  1300 
single  conductor  combination,  1302 
sise  of  conduits,  table,  1301 

of  feeder  conductors,  1310 
specifications,  1311-1313 
switches.  1306 

symbols  for  wiring  plans,  1313 
three-wire  systems,  1204 
wire  measurements,  1206 
wiring  methods.  1300 

of  concrete  buildings,  1315 

table  for  dire{^t  current  motors,  1201 
working  table  for  copper  wire,  1207 
Elevator  and  stair  work,  830-831 

early  installation  of,  830 

installation  of  ornamental  iron  with  stairs,  830 

iron  stairs,  830 

protecting  elevator  shafts  and  stairs,  831 
Elevator  doors.  632 
shafts,  643 

wells,  framing  for,  408 
Elevators,  1361-1380 
accessories.  1370 

automatic  or  push  button  oontn^,  1860 
belted,  1361 
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EleTaton,  oapMity,  table,  187D  Eatimmtiiic  oonorate  baildinci,  p*it»*f«»f,  i05t 

ear  framee,  1370  paving,  1061 

■witoh  eontrol.  1865  partitions,  1000,  1054 

oontrol  of  electric,  1365  plastering,  1056 

electric,  drum  and  traction,  1364  profit.  1058 

elevator  service,  1371  quantities,  estimating,  1045 

escalator,  1368  reinforcement,  1055 

feed  wires,  1377  unit  cost  of,  1063 

flexible  gtiide  clamp  safety,  1377  roof  slabs,  1049,  1053 

for  masonry  material,  828  roofing  and  flashing,  1057 

freight  service.  1371,  1373  sheeting,  1056 

gravity  spiral  conveyors,  1300  stairs  and  landings,  1051,  1054 

hand  power,  1361  steam  shovel  excavation,  1055 

rope  control.  1365  steel  sash,  1056 

horsepower,  1377  sundries,  1058 

hydraulic  elevator,  1362  superintendence,  1058 

plunger  type,  1363  terra  cotta  partitions,  1056 

pumping  plants,  1364  unit  prices,  1058 

inclined,  1368  wall  beams,  1040,  1054 

inspection,  1380  watchman,  1058 

layout  features.  1369  window  sills  and  copings,  1050,  1054 
micro-levelling  elevator,  1367                                         Estimating  steel  buildings.  1028-1044 

motors  for,  1376  backfill,  1030 

passenger  service,  1373,  1374,  1375  brickwork,  1036 

safeties,  1377  carpentry,  1039 

service,  speed,  1375  corrugated  iron  or  steel,  1039 

signal  systems,  1380  disposal  of  surplus  excavation,  1030 

special  automatic  control,  1367  erection  of  structural  steel,  1034 

speed  for  passenger  and  freight  service,  1373,  1375  excavation,  1030 

steam  driven,  1362  foundation,  1028 

systems  of  cabling,  1380  general  field  expenses.  1044 

voltage,  1376  glaring  steel  sash,  1038 

Emperger  columns,  212,  217  inspection  of  building  site,  1028 

Equilibrium  of  concurrent  forces,  0,  10  painting,  1043 

of  forces,  definition,  7  pumping  and  bailing,  1030 

of  non-concurrent  forces,  algebraic  method,  13  roof  coverings,  1043 

graphical  method,  12  shoring,  1030 

polygon,  12  steel  sash  and  operators,  1038 

Equipment  for  construction;  m«  Construction  equip-  structural  steel,  1031 

ment.  Euler's  column  formula,  60 

Escalators,  1368  Evans.  Ira  N.,  on  Heating,  ventilation,  and    power. 

Estimating  concrete  buildings,  1045-1063  1060-1177 

area  and  cube,  1046  Evans'  vacuo  hot-water  heating  system,  1126 

backfill.  1055  Excavating.  360.  811-813 

brick  work,  1056  compressed  air  caissons,  813 

carborundum  rubbing,  1052,  1054  cost  of,  1030 

columns,  1047,  1052  equipment,  811,  833-847 

concrete,  unit  price,  1058  estimating  cost  of,  1065 

doors,  frames,  and  hardware.  1056  open  caissons,  813 

drop  panels,  1049,  1063  protection  of  adjacent  structures.  812 

engineering,  plans,  etc.,  1057  roek  excavation,  812 

excavation,  1065  sheet  piling  and  shifting  soils.  812 

floor  slabs,  1049.  1053  shoring,  sheeting,  and  underpinnings,  812 

footing  excavation.  1066  steam  shovel  excavating.  811 

footingB.  1046,  1062  Excavating  equipment,  811,  833-847 

forma,  unit  price  of,  1061  black  powder,  843 

formwork.  1062  buckets.  840 

foundation  walls.  1047,  1062  Bucyrus  shovel,  table.  835-836 

glass  and  glaring,  1066  chum  drilling,  846 

granolithic  finish,  1061  clam  shell  buckets,  840 

interior  floor  beams,  1060,  1054  drill  steel  and  bits,  847 

iron  work,  1067  dynamite,  844 

job  overhead  expenses,  1068  explosives,  843 

liability  insurance,  1067  hammer  drill,  846 

masonry,  1066  hand  drilling,  844 

ofilce  expense,  etc.,  1068  handling  bucket,  842 
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ExMTatinc  equipmeiit,  loeomotiw  eimne.  887 

machine  drills,  845 

nitroglyoerin,  844 

Ohio  loeomotive  cnne,  838 

mange  peel  bucket,  841 

fttcks,  843 

piston  drill,  845 

rock  drills,  844 

rock  excavating  equipment,  848 

scrapers,  838-840 

shovels,  hand,  843 

steam  shovels,  833 
Expanded  metal,  067 

and  plaster  partitions,  821,  033 
Expansion  bearings  for  steel  girders,  338 

coefficient  of.  Me  Coefficient  of  expansion. 
Explosives,  84«i 
Exposition  buildings,  734 
External  forces,  definition,  3 

Factor  of  safety,  definition,  5 

Factories,  foundations  for,  858 
natural  lighting  of,  1346 

Fair  park  buildings  and  grounds,  733 

Fan     truss,    stress    ooeffioients,    tables,    476,     477, 
480 

Fans,  ventilating,  1150 

Farm  buildings.  775-778 
cattle  barn,  775 
horse  barn,  778 
manure  pit,  778 
swine  bams.  778 

Felt  papen.  1010 

Tibet  strees  coefficients  for  beams,  00 

FiUerB,  liquid,  1016 

Filters  for  sewage,  1237.  1331 

Filtration  of  water.  1183 

Financing  a  building  project,  1067 

Fink  truss,  stress  coefficients,  tables,  472-475,  486-488. 
400-500 

Fire  engine  houses,  design,  734 

prevention  and  protection,  336 

Fire  protection  for  structural  steel,  337-340 
brick,  fire-resistance  of,  338 
Chicago  Building  Ordinance,  330 
concrete,  fire-resistance  of,  338 
effects  of  heat  on  steel,  337 
fire-resistance  of  materials,  338 
intensity  of  heat  in  a  fire.  338 
protection  of  steel  from  failure.  338 
selection  of  protective  covering,  330 
terra  cotta  tile,  fire-resistance  of.  338 
thickness  of  protective  covering,  330 

Fire  protection  of  concrete  reinforcement,- 136 
pumps  and  engines,  1207 

Fire-resistive  column  construction.  340-342 

covering  for  cylindrical  columns.  340 
for  steel  columns,  341 
hollow  tile  columns.  342 
reinforced  concrete  columns,  340 

Fire-resistive  floor  construction,  342-346 

brick  arch  floor  construction.  344 

fire  tests.  342 

Herculean  flat  arch.  346 

hollow  tile  flat  arch,  344 

New  York  reinforced  tile  floor.  346 


Fire-resistiTe  floor  eonstmetion,  protection  of  steel 
girders,  343 
leinf  oroed  oonorete  floors,  843 
requirements,  843 
scuppers,  343 
segmental  arches,  346 
simplex  floor  arch,  345 
terra  cotta  or  tile  floor  arches,  344 
weights  and  spans  for  end-construction  aroh, 
344 
Fire  stream  data,  1106 
Fireproof  vaults,  618 
Fireproofing  floors,  307 
Fish  plate  splices.  250-253 
Fittings  for  heating,  1172-1177 

for  water  supply  pipes,  1318-1310 
Fixsd  beam,  definition,  2 
Flange  angles,  splicing,  284 
plates.  117 
riveting,  184 
splices,  183 
Flanges,  of  plate  and  box  girders,  183 
Flashing  of  roofs,  500 
Flat  roofs,  steel  framing  for,  408 
Flat  slab  construction,  434-447 

American  Concrete  Institute  ruling,  434 
brick  bearing  walls,  440 
cap  construction,  438 
capitals  and  drop  at  exterior  column,  444 
construction  joints,  444 
design  without  drop  or  cap,  438 
drop  construction,  436 
floor  finish,  445 
future  extensions,  445 
kinds  of  bars,  444  . 
minimum  column  sise,  444 
narrow  buildings,  444 
omission  of  spandrd  beams,  444 
openings,  443 
lacing  steel,  445 
pouring  columns  and  slabs,  444 
rectangular  panels,  440 
supporting  and  securing  steel,  444 
tables,  445-447 

theorem  of  three  moments,  440 
unequal  adjoining  spans,  440 
use  of  beams,  443 
width  of  bands,  444 
Flats,  steel,  definition,  05 
Fleming.  R.,  00,  270,  271,  465 
Flitch  girder.-  6 

plate  girders,  177 
Floor  and  roof  framing,  concrete,  410-483 
beam  schedules.  427 
gypsum  floor-tile  construction,  426 
hollow-tile  construction.  416 
long  span  rectangiilar  beams.  414 
marking  of  bent  rods,  411 
metal  floor  tile  construction.  426 
Ransome  unit  system,  431 
saw-tooth  roof  construction,  433 
slab  steel  arrangement,  410 
T-beam  design,  412 

tile  and  concrete  floors,  tables.  417-438 
unit-bilt  system,  430 
construction,  437 
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Floor  and  roof  framing,  steel,  397-r410 

angle  connections,  404 

arrangement  of  girders  and  joists,  402 

concrete  floors,  399 

connections  of  beams,  to  beams  and  to  col- 
umns, 404.  405 

design  of  girders,  402 
of  joists,  402 

elevator  wells,  408 

flat  roofs,  408 

floor  construction  and  fire  proofing,  307 

monitors,  410 

pipe  shafts,  408 

pitched  roofs,  408 

aaw-tooth  skylights,  409 

seat  connections,  405 

separators,  406 

stair  wells,  407 

tile  arch  floors,  398 

web  connections,  406 

wood  floors,  397 
Floor  and  roof  framing,  timber,  377-391 

arrangement  of  girders,  378 

bracing  trusses  for  roofs,  384 

bridging,  377 

floor  bay  design,  379 
construction,  377-382 

girders,  connections  to  columns  and  walls* 
378 

mill  construction,  387 

roof  construction,  383 
girders  and  trusses,  384 

aaw-tooth  roof  framing,  385 

sheathing  of  floors,  377 

spans  for  mill  floors,  tables.  390,  391 

stud  partitions,  table,  381 
Floor  beams,  e£fect  of,  in  bridge  construction,  26 

shears  and  moments,  27 
Floor  construction  methods,  817-823 

bending  and  placing  reinforcement,  819 
centering  for  floors,  817 
fire-resistive.  342-346 
floor  arch  systems,  823 
forms  for  concrete,  818 
grinding  concrete  floor  surfaces,  822 
handling  concrete  materials,  825 
See  also  Concrete  construction. 
Floor  loads,  332 

openings  and  attachments,  452-453 
Floor  surfaces,  447-451 
asphalt  floors,  451 
brick,  449 
cement  floor,  450 
ceramic  mosaic,  450 
composition  floors,  451 
cork  tile.  449 

foundation  for  tile  floors,  450 
glass  inserts  in  sidewalls,  451 
hardwood  flooring,  448 
loading  platforms,  449 
m'arble  moaaic,  450 

tile,  450 
ornamental  tiles,  460 
parquetry,  448 
quarry  tile,  450 
refinishing  wood  floors,  449 
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Floor  surfaces,  rubber  tiling, -460 
soft  wood  flooring,  447. 
supports  for  wood  floors.  449 
terraso  finish.  451 

tUe.  450 
tile.  449 

trucking  aisles.  449 
wood.  447-449 
blocks,  449 
Floors,  ground,  453 

in  mill  construction,  395 
Footings,  366-377 

concrete  raft  foundations,  375 

continuous  exterior  column,  373 

heavy  wall,  366 

light  wall,  366 

multiple  slab  reninforced  concrete.  368 

piers,  366 

sunk  to  rook  or  hardpan.  375 
idain  concrete,  366 
rectangular.  370 
combined.  371 
reinforced  concrete  cantilever,  874 
combined.  371 
on  piles,  375 
pier,  367 
single  slab  reinforced  concrete,  867 
sloped,  369 

steel  beam  and  girder,  377 
stone  and  brick,  367 
temporary  wood.  366 
trapesoidal  combined,  372 
waU.  370 
Force,  definition,  2 

diagram,  definition,  8 
elements  of,  7 
polygon,  definition.  9 
Forces,  moments  of.  definition,  17 

See  aUo  Concurrent  forces;  Non-concurrent  foroei 
Form  work  for  concrete,  unit  price  of,  1061 
Foundation  work,  814-815 
concreting  plant.  814 

damage  by  rainfall  and  surface  water,  814 
forms  and  reinforcement.  815 
pumping  of  excavations,  814 
waterproofing    of    foundations   and    basement 
815 
Foundations.  347-366 
auger  borings.  347 
bearing  pressure,  gross  and  net.  356 
Breuchaud  pile,  360 
building  on  old  foundations,  351 
caissons,  pneumatic,  361-365 
cantilever  construction,  356 
characteristics  of  soil,  rock,  etc.,  348-350 
Chenowith  pile,  360 
churches,  354 
city  buildings,  354 
cofferdams,  361 
compresol  piles,  360 
concrete-pile,  359 

raft,  375 
dead,  live,  and  wind  loads,  851 
diamond  drill  borings,  348 
dredged  wells,  366 
eccentric  loading,  356 
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Foundations,  effect  of  climate,  352 

electrolysia,  355 

estimating  cost  of,  1028 

excavating,  360 

factories,  353 

loads  on.  350 

open  caissons,  365 

partly  on  rock,  355 

pedesUl  piles,  360 

piers  sunk  to  rock  or  hardpan,  375 

piles  built  in  place,  359-360 

pneumatic  caissons,  361-365 

poling-board  method,  361 

pre-cast  piles,  359 

preliminary  investigations,  347 

Raymond  pile.  350 

residences.  353 

rod  test.  347 

rust,  355 

sand-pile.  360 

simplex  pile.  360 

steel  sheet-piling,  360 

survey  of  site,  347 

teredo  and  limnoria,  destruction  by,  355 

test  of  soil  for  bearing  capacity,  348 
pits.  348 

uneven  settlements,  allowances  for,  353 

wash  borings,  347 

water-tight  cellars,  365 

waterproofing,  352 

wooden  pile,  356-358 
sheet-piling,  360 
Foundries,  780 
Fowler,  C.  E.,  62 
Frame  walls,  614-615 

Framing,  floor  and  roof,  «ee  Floor  and  roof  framing. 
Freight  elevator  doors,  632 

tracks,  clearances  for,  800-802 
Friestedt  interlocking  channel  bar  piling,  840 
Fuel,  1155-1157 

combustion,  1156 

consumption,  1156 

smoke,  1156 

storing  and  piling  coal,  1156 
Fuller.  W.  B.,  986 

Fuller,  W.  J.,  on  Splices  and  connections,  260-208 
Furnaces,  hot  air,  1113 
Furring,  for  walls,  614,  946 

Garry  Iron  and  Steel  Co.,  941,  944 
Gas  engines  for  power  generation,  1166 
Gas  fitting.  1356-1360 

diameter  of  pipes,  for  outlets,  table.  1359 

dimensions  of  standard  pipes,  table,  1356 

flow  of  gas  in  pipes,  1358 

installing  gas  pipe,  1359 

pipe,  1356 
fittings.  1357 

Pole's  formula,  1358 

testing.  1360 

tools  used  in  pipe  fitting,  1358 
Gas  lighting.  1349-1355 

composition  and  heating  value,  1350 

definitions,  1349 

design  of  lighting  system,  1351 

distribution  curves,  1351 


Gas  lighting,  lamps,  1350 

radius  of  illuminated  areas,  table,  1352 
semi-direct  gas  illumination,  1354 
Gasolene  tanks,  651 

General  Fireproofing  Co.,  940,  942,  944.  946.  970.  972 
GF  expanded  metal.  970 

Gilman,  H.  L.,  on  Industrial  plant  layout,  778-793 
Girder  cap  connections,  259 

definition,  2 
Girders.  101 

arrangement  in  floor  framing,  378 

bending  stresses,  657 

combined  gravity  and  wind  bending  moments,  657 

connections  with  columns,  257 

with  joists,  254-256 
design  of  wind  bracing,  658 
flitch-plate,  177 
plate  and  box,  182-189 
roof,  384 
■hear,  657 
trussed,  178-181 
wooden,  172-181 
See  aleo  Steel  beams  and  girders. 
Girts,  459 

Glass  and  glasing,  1004-1010 
acid  ground  glass,  1009 
American  and  foreign,  1004 
cathedral,  1009 
chipped  glass,  1009 
colored  glass,  1009 
colored  plate  or  structural.  1009 
crystals  or  special  sheet  glass,  1006 
cylinder  or  window,  1005 
defects  or  blemishes,  1004 
estimating,  1056 
glasing,  1009 

grades  of  cylinder  glass,  1005 
grading,  1004 

plate  glass,  1006 
groimd  glass,  1009 
metal  store  front  construction,  1010 
mirrors,  1007 
opal  flashed  glass,  1009 
opalescent  «  -  solid  opal  glass,  1009 
physical  properties.  1004 
polished  plate  glass.  1006 
prism  glass.  1008 
putty  and  puttying.  1010 
raw  materials,  1004 
rolled  or  figured  sheet  glass,  1007 
setting  glass.  1010 
sidewalk  glass.  1009 
wire  glass.  1007 
Glass,  cost  of,  1038 
in  skylights,  605 
inserts  in  sidewalks,  451 
roofs,  597 
Gordon's  column  formula,  116,  203,  206 

formula  of  stresses,  61 
Gothic  system  of  architectural  design,  712 
Goubert  steam  pile  driving  hammers,  855 
Goughenour,   C.  R.,  on  Vacuum  cleaning  equipment, 

1401-1406 
Granite.  908 
Gravity  tanks,  647-649 
Greek  orders  of  architecture,  710 
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Qny  column,  207,  209,  211,  212 
Qrifflth.  J.  H..  1430 
QriUase  beams,  118 

Mtting,  815 
Qrinden,  air  and  electric,  870 
Ground  floors,  453-464 
drainage,  453 
floor  finish,  454 
underfloor,  458 
waterproofing,  454 
Qunite,  882 

Gutters  on  roofs.  500,  1246 
Gymnasiums,  school,  761 
Gypsum  and  gypsum  products,  034-030 

classification  of  calcined  gypsum,  034 
gypsum  plasters,  034 
plaster  board,  036 
tile,  038 
wall  board,  037 
Gypsum  block  partitions,  621 
fire-resistance  of,  330 
floor-tile  construction,  426 
roof  slabs,  501 

Hall's  investigations  of  vibrations.  753 

Halls  of  fame,  design,  736 

Hammer^beam  truss,  stresses  in.  586 

Hammers,  pile,  852-855 

Hardware,  building.  1020-1026 

Hardwood  flooring,  448 

Hart  and  Grouse,  1153 

Hartford,  Conn.,  water  consumption,  table,  1101 

Hartford  Steam  Boiler  and  Inspection  Co.,  1152 

Hatchcook,  B.  D.,  1430 

Hauer,  Daniel  J.,  on  Contracts,  1068-1073 

on  Specifications,  1074-1077 
Heating.  1085-1131 

9AT  line  vacuum  systems,  1124 

B.t.u.  losses  of  building  materials,  1000 

climatic  conditions  in  U.  S.,  table,  1086 

combined  heating  and  power,  1125 

comparison  of  sjrstems,  1 128 

conduction.  1085 

connection,  1085 

costs  of  different  systems,  table,  1130 

Evans'  vacuo  hot  water  system,  combined  with 
power,  1126 

flues  and  hot  air  pipes.  1114 

fittings,  allowance  for,  1150 

forced  hot  water  system,  1106 

furnaces,  1113 

gravity  hot  water  heating,  1100 

heat  loss  by  infiltration,  1091 

heat  supplied  by  persons,  lights  and  machinery 
1092 

high  pressure  steam,  1125 

hot  air  furnace  system,  1113-1116 

water   with   condensing   reciprocating   engines, 
1125 

indirect  heating  system,  1117-1120 

low  pressure  gravity  steam  system.  1100 

measurement  of  flow  of  fluids,  1092 

pipe  coils,  1099 

pipes,  capacity  and  pressure  drop,  for  steam.  1003, 
1102 
sUe  of  return,  1104 
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Heating,  pipes,  table  of  capacity,  1105 

table  of  number,  of  equivalent  arsft,  llOS 
piping,  principles  of,  1000 
positive  differential  system,  1124 
pumps  for  forced  hot  water  system,  1106 
quantity  of  air  discharged  through  flues,  table.  1117 
radUtion,  1085,  1004 

coefllcient  of  transmission  for,  1004 
radiators,  1008-1000 
indirect,  data,  1110 
selection  of  a  system,  1120 
steam  pipes,  sise  of,  1101 
transmission  factors  for  direct  surfaoe,  table,  1005 

of  heat,  1085,  1080 
unit  fan  heaters,  1123 
vacuum  exhaust  steam  heating,  1125 

steam  heating,  1123 
vapor  system,  1124 
Heating,  ventilation,  and  power,  1080-1177 

boilers,  fuels,  and  chimneys,  1151-1166 
heating,  1085-1131 
piping  and  fittings,  1172-1177 
power,  1166-1172 

properties  of  air.  water,  and  steam,  1080-1085 
ventilation,  1131-1151 
Hemp  rope,  884 

Hennebique  system  of  reinforcement,  076 
Herculean  flat  arch,  346 
Herron,  J.  H.,  on  Cast  iron,  010-021 
on  Steel.  022-026 
on  Wrought  iron.  022 
High  pressuro  steam  heating,  1125 
HiU  Trip  Co.,  1202 
Hinge,  of  a  structure,  18 
Hinged  bolsters  for  girders,  etc.,  238 
Hinges,  1022 
Hoists.  871-872 

hand-operated,  872 
power  for,  871 
Hollow  building  tUe,  017-010 
metal  doors,  632 
tile  columns,  342 
construction,  416 
roof  covering,  501 
Hooke's  law,  3 

Hool,  G.  A.,  on  Bending  and  direct  stress,  concrete  and 
reinforced  concrete,  68-70 
on  Cement,  047-952 
on  Concrete  reinforcement,  058-077 
on   General    methods    of   computing   stresses  in 

trusses.  49-53 
on  Principles  of  statics,  7-17 
on  Reactions,  17-22 
on  Shears  and  moments,  22-34 
Horisontal  shear  in  girders,  formula,  188 

in  wooden  beams,  99 
Hospital  buildings.  744 
Hospital  doors.  631 
Hot  air  heating  system.  1113-1116 

capacities  of  furnaces,  table*  1116 

of  pipes,  table.  1115 
designing  data.  1115 
rules  governing.  1116 
-water  heating;  ses  Heating, 
water  heating  mediums.  1251 
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Hotel  doon,  081 

La  Salle,  Chieeso.  constmotlo&f  079 
Hotela,  deei^,  724 

lone  span  oooatruetion  in*  670 ' 
House  Unks.  649-661 
Houees.  lighting  of.  1342 
Howard's  tests  on  brick  piers,  1436 
Howe,  M.  A.,  tests  on  pressure  on  timber,  248,  240 
Howe  truss,  stress  coefficients,  Ubles,  482-486,  501-604 
Humidity,  1083 
HydrauUc  data,  1102-1199 

fire  streams,  1 106 

flow  of  water  in  pipes,  1103 

head  lost  in  elbows,  etc.,  1104,  1106 

loss  of  head  in  fire  hose,  table,  1107 

pressure  of  water,  1102,  1103 

rain  leaders,  1108,  1100 

ratio  of  capacities  of  pipes.  1106 

sprinkler  systems.  1 106 

standpipe  and  hose  systems,  1108 
Hydraulic  lime.  047 

rams,  1100 
Hy-rib,  072 

Ice  manufacturing  plants,  1387-1388 

lUing,  M.  A.,  on  Tiling,  1000-1003 

Illumination,  «m  Electric  lighting  and  illumination. 

Imhoff  tanks  for  sewage.  1226,  1231 

Impact,  allowance  for,  6 

Incinerator  closets,  1244 

Indirect  heating  system.  1117 

heat  given  up  by  radiators,  1120 

radiators,  data  on,  1110 

ventilation  with,  1117 
Industrial  buildings,  standardised,  703-800 

advantages  of  standardised  construction,  704 

general  design,  704 

illustrations.  706 

method  of  construction,  704 

origin,  703 

types.  704 
Industrial  homes  for  women,  741 
Industrial  plant  layout.  778-703 

chemical  industries,  701 

conduits,  786 

cranes.  786 

fire  prevention  and  protection,  787 

floors.  784 

forge  shops,  700 

foundation.  784 

foundries.  780 

heating.  786 

industrial  terminals.  783 

Ughting.  786 

locating  an  industry,  770 

loft  buildings,  783 

machine  shops,  700 

materials  of  construction,  783 

metal  working  industries,  780 

pattern  shops.  791 

planning  for  growth,  787 

plans,  preparation  of.  770 

power  plants,  788 

pulp  and  paper  mills,  701 

shipping  facilities,  780 

shoe  factories.  703 


Industrial  plant  layout,  site,  selection  of.  770 

textile  mills.  702 

transportation,  786 

type  of  buildings,  782 

ventilation,  786 

wood  working  shops.  701 
Industrial  schools.  741 
Influence  diagram  and  influence  line,  30 
IngersoU-Rand  sheet  pile  driver,  866 
Ingots,  definition  and  treatment  of,  06 
Inland  Steel  Co.,  061 
Inner  forces,  definition,  2 
Insane  asylums,  743 

Institutions,  public,  sm  Public  buUdlnga. 
Insulating  quilts,  1010 

roofs.  608 
Insulation  of  partitions,  622 

of  walls,  617 
Intensity  of  stress,  definition,  8 
International  Filter  Ca.  1186 

Motor  Co..  706 
Ionic  order  of  architecture,  716 
Iron,  cast.  010-021 
wrought,  022 


Jacoby.  Prof.,  formula,  240 
Jails.  740 

Jansky.  C.  M.,  on  Communicating  systems,  1300-1307 
on  Electric  lighting  and  illumination.  1317-1348 
on  Electrical  equipment,  12186-1316 
on  Gas  fitting.  1356-1360 
on  Gas  lighting,  1340-1366 
on  Lightning  protection.  1308-1400 
Jetting.  810 

Johnok.  F..  on  Cornices  and  parapet  walls.  624-627 
on  Doors.  630-633 
on  Office  buildings.  766-760 
on  Partitions.  610-624 
on  Walls.  600-610 
on  Windows.  627-620 
Johnson,  J.  B.,  formulas  for  wooden  columns.  107 
Johnson,  N.  C,  on  Cement  mortar  and  plain  concrete. 
078-086 
on  Concrete  aggregates  and  water,  052-067 
on  Concrete  equipment.  860-870 
on  Excavating  equipment.  833-847 
on  Hoists,  derricks,  and  scaffolds,  871-876 
on  Material  transportation  equipment.  847-848 
on  PUe  driving.  800-811 
on  Pile  driving  equipment.  848-858 
on  Pumping  equipment.  858-860 
on  Reinforced  concrete.  086-987 
on  Steel  erection  equipment.  877-870 
on  Wood  working  equipment.  870-871 
Joints.  «^e  Splices  and  connections  for  steel  members. 
Joints,  lap  and  butt.  271-270 
computations,  273 
design.  278 

distribution  of  stress,  272 
efficiency,  270 
failure  of.  272 
friction  in,  272 
Joist  hangers,  256 
Joists,  steel.  402 
Joists,  timber.  100 
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Joiflta,  timber,  connections  with  girders,  254-256 

floor,  377 

roof,  383 

safe  loads  and   deflections,  tables,  104-107, 
100-114 
Jones  and  Laughlin  steel  sheet  piling,  850 

Kahn  mesh.  068 

system  of  reinforcement,  073 
Kalameined  doors*  632 
Keene's  cement,  034 

Kern.  LeR.  E.,  on  Glass  and  glaiing.  1004-1010 
Ketchum.  M.  S..  400 
Kewanee  Private  Utilities  Co.,  1206 
Kidwell.  E.,  174 
King,  F.  R.,  1254 

on  Plumbing  and  drainage  regulations,  1256-1284 

on  Public  comfort  stations,  760-775 

on  Waterless  toilet  conveniences,  1232-1244 
Kinne.  W.  S.,  on  Purlins  for  sloping  roofs,  180 

on  Roof  trusses,  454-588 

on  Unsymmetrical  bending,  70-04 
Kirchoffer,  W.  G.,  on  Sewage  disposal,  1220-1231 

on  Water  supply  data  and  equipment,  1178-1210 
Knight.  W.  J.,  on  Concrete  floor  and  roof  framing.  410- 
433 

on  Reinforced  concrete  beams  and  slabs,  127-171 
Kolbirk's  tests  on  wood  screws,  230 
Kommers,  J.  B.,  40 
Krenger's  tests  on  brick  piers,  1437 

Lacing  on  steel  columns.  207 
Lackawanna  Steel  Co.,  077 
Lackawanna  steel  sheet  piling,  850-851 
Lag  screws,  232.  236 

lateral  resistance.  240 
Lally  columns,  08 
Laminated  floors.  380 
Lap  joints,  271-270 

Lateral  resistance  of  nails,  screws  and  bolts,  232-244 
support  for  wooden  beams.  100 
of  compression  flange,  116 
Lath,  metal.  930-047 
Lathing,  wood  and  metal,  «e«  under  Lime,  lime  plaster, 

and  lime  mortar. 
Lattice  on  steel  columns,  207 
Lavatories,  1250 
Lead  roofing,  505 

waste  pipe,  1247 
Leaders,  601 
Ledges  on  walls.  611 
Lever  arm  of  a  force.  7 
Liability  insurance,  estimating,  1057 
Lichty,  L.  C,  1085.  1080 
Lighthipe,  W.  W.,  on  Elevators.  1361-1380 
Lighting,  electric,  see  Electric  lighting  and  illumination, 
equipment.  882 
gas,  1340-1355 
Lightning  protection.  1308-1400 
electrical  conductors.  1308 
lightning  rods.  1300 
nature  of  lightning.  1308 
Lime,  lime  plaster,  and  lime  mortar,  026-030 
hardening  of  lime  mortar,  027 
laid  off  work.  020 
lime  mortar,  028 
metal  lathing,  020 
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Lime,  lime  plaster,  and  lime  mortar,  notes  on  plaster- 
ing. 928 
proportions  for  lime  plaster.  027 
quick  iime.  926 
resistances  of  piers  with  different  mortars, 

028 
sand  finish,  030 
slaking  quick  lime.  027 
three-coat  work,  020 
use  of  lime  products  in  cement  mortar,  028 
uses  of  lime,  plaster  and  mortar,  027 
white  coating,  030 
wood  lathing,  020 
Limestones.  010 

Line  of  action  of  a  force,  definition,  7 
Lintels,  cast-iron,  123-126 
Lith  partitions.  622 
Live  load,  definition.  3 
Load,  dead,  definition,  2 
live,  definition.  3 
total,  definition,  3 
working  or  safe.  6 
Loads,  concentrated,  shears  and  moments.  32 
for  timber  joists,  tables,  104-107,  100-114 
for  wooden  columns,  107 
moving,  shears  and  moments,  28,  20  , 
on  roofs,  «ee  Purlins  for  sloping  roofs. 
Locks,  1021 
Lookups,  730 
Locomotive  cranes.  837 
Long  span  construction.  660-676 
Longitudinal  monitors,  607 
Lord,  Prof.,  200 

Los  Angeles  Building  Ordinance,  formula  for  long  col- 
umns, 213 
Water  Co.,  1182 
Lumber,  classification  of,  800 
for  concrete  forms,  818 
measurement  of.  803 
See  aieo  Timber. 
Luten  truss.  076 

MoCausland*s  tests  on  brick  piers,  1435 
MoDaniel,  A.  B..  985 
McGregor's  tests  on  brick  piers.  1435 
MoKiernan-Terry  pile  hammers.  855 
Machine  bolts.  232,  237 

shops,  700 
Machines  for  dressing  stone.  007 
Mack's  cement,  034 
Mail  chutes,  680-681 

details.  681 

requirements.  680 
Maney,  G.  A.,  40 
Manila  rope.  884 
Marani,  V.  G.,  038 
Marble  mosaic  floors.  450 
tile  floors.  450 
work.  832 
Marbles.  010 

Marvin,  Prof.,  formula  of  wind  loads,  466 
Masonry  arches.  200-304 

algebraic  method  of  determining  pressure,  304 

brick  arches,  300 

definitions.  200 

depth  of  keystone,  200 
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Masonry  arches,  determining  line  of  pressure,  301 
external  forces,  301 
forms  of  arches,  300 

graphical  method  of  determining  pressure,  303 
Masonry,  bearing  plates  and  bases  on,  227-229 
estimating  cost  of,  1056 
stone,  strength  of,  1441-1442 
waUs.  609 

See  aleo  Brick  work,  Stone  work. 
Material  transporting  equipment,  847-848 
auto  trucks,  848 
wagons.  847 
wheelbarrows,  847 
Materials,  buUding,  887-1026 
Mausoleums,  736 
Maximum  moment,  24 

shear,  24 
Mayers,  Clayton  W.,  on  Estimating  concrete  buildings, 

1045-1063 
Mechanical  refrigeration,  1381-1389 
Mechanical  trades.  829-830 

fipHihing  plumbing.steam.and  electrical  work ,830 
importance  of  pipe  drawings,  829 
plumbing  work,  829 

sequence  of,  on  building  operations,  829 
Meier,  Henry  C,  1143,  1145.  1146 
Member,  definition.  2 
Memorial  buildings,  736 
Metal  clad  doors.  633 

floor-tile  construction,  426 
Metal  lath,  939-947 

corrugated  lath.  943 
diamond  and  rectangiilar  mesh,  940 
expanded,  940 
furring.  946 
general  uses,  946 
integral  lath,  944 
kinds.  939 
ribbed  lath,  942 
sheet  lath,  945 
weight  and  gage,  947 
wire  lath,  946 
Metal  shingles,  593 

store  front  construction,  1010 
tile  roofing,  597 
Metsger,  Louis,  diagram  for  spacing  rivets,  267 
Military  buUdings,  735 
Mill  buildings,  wind  bracing  of,  661 
construction,  387-397 

See  also  Slow-burning  timber  mill  construction. 
Mineral  wool,  1020 
Mixers  for  concrete,  862 
Modulus  of  elasticity,  definition,  3 

ratio,  in  combination  members,  6 
of  rupture,  definition,  5 
Moment,  bending,  22 
maximum,  24 
of  a  couple,  definition,  8 
of  a  force,  definition,  7 
Momenta.  22-34 
determining,  25 
of  forces,  definition,  17 
See  cUso  Shears  and  moments. 
Monitors,  framing  for,  410 
longitudinal,  607 
transverse,  607 


Moore,  Lewis  E.,  on  Neutral  axis  in  a  plate  gird^er,  97 

Moore,  Prof.,  207 

Morris.  C.  T.,  on  Bearing  plates  and  bases,  227-229 

on  Bending  and  direct  stress,  wood  and  steel,  64-68 

on  Steel  columns,  206-209 

on  Tension  members,  229-231 
Mortar  for  brick  walls.  611 
Moulton,  A.  G.,  on  Brick  work,  827-829 

on  Elevator  and  stair  work,  830-831 

on  Excavating.  811-813 

on  Floor  construction,  817-823 

on  Foundation  work.  814-815 

on  Mechanical  trades,  829-830 

on  Preparation  of  site.  807-809 

on  Sequence  of  finishing  trades,  831-832 

on  Stone  work,  825-827 

on  Structural  steel  work,  815-817 

on  Ssrstem  and  control  in  building,  803-807 
Moving  loads,  shears  and  moments,  28,  29 
Multiple  beam  girders.  117 
Municipal  buildings,  design,  723 
Music  halls,  design,  734 

Nails.  231 

estimated  quantities,  1039,  1042 

lateral  resistance.  232 

resistance  to  withdrawal,  244 

safe  working  value,  239 

tables.  232-235 
National  Board  of  Fire  Underwriters,  888 

Brick  Manufacturers'  Assoc.,  tests  on  brick  piers, 
1430-1438 

Concrete  Co.,  976 

Education  Association,  report  on  school  buildings, 
758 

Electrical  Contractors'  Assoc.,  1313 

Fireproofing  Co.,  344 

Lime  Manufacturers'  Assoc.,  1436 

Lumber  Manufacturers  Assoc.,  387,  380 

steam  pile  hammers,  855 
Negative  moment,  23 
definition,  7 

shear,  22 
New  England  Factory  Mutual  Insurance  Co.,  332 
New  York  reinforced  end-construction  arch.  346 
Niagara  Hydraulic  Engine  Co.,  1200 
Nolan,  Thomas.  1442 

Non-concurrent  forces,  composition  and  equilibrium, 
12-16 
definition,  7 
Non-coplanar  forces,  definition,  7 
Normal  schools.  731 

North  Western  Expanded  Metal  Co.,  941,  944,  960,  972 
Notation  used  in  Handbook,  1407 

Office  building  doors,  630 
Office  buildings,  765-769 

arrangement  of  offices,  766 

column  spacing,  768 

floor  finish,  766 

general  design,  769 

office  reqmrements,  767 

pipe  and  wire  shafts,  766 

plan,  general,  768 

story  heights,  767 

toilets,  765 
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Office  buUdinflS.  type  of  oonstnietion.  7M 

wire  moldi,  766 
Ohio  locomotive  crane,  838 
Open  air  theatera.  736 
Orders  of  architecture.  713 
Origin  of  momenta,  definition,  7 
Ornament,  Gothic,  713 

Renaiasance.  721 
Ornamental  roof  tniaeee,  579-688 
Outer  forces,  definition,  2 

Owen,  A.  F..  on  Clearances  for  freight  tracks  and  auto- 
mobUes,  800-802 

on  Floor  openings  and  attachments.  452-453 

on  Floor  surfaces,  447-461 

on  Ground  floors,  453-464 

on  Retaining  walls,  682-600 
Ozy-gas  cutting  and  welding  equipment,  883 

Page  Woven  Wire  Fence  Co.,  066 
Paint,  stain,  varnish,  and  whitewash.  1011-1018 
application  of  paint,  1013 
chemical  stains,  1016 
color  pigments.  1012 
composition  of  paints.  101 1 
definitions  of  terms  relating  to  paint  specifica- 
tions. 1017 
driers.  1013 
drying  oils.  1012 
fillers.  1016 

hand-mixed  paint,  1013 
inert  pigments,  1012 
oil  stain,  1015 
paint  as  a  structural  material,  1011 

vehicles.  1012 
painting  brickwork,  1014 
concrete,  stucco,  and  plaster.  1014 
galvanised  iron,  and  copper,  1015 
paints  for  interior  walls,  and  steel.  1014 
pigments,  1011 
properties  of  paint  films.  101 1 
ready-mixed  points,  1013 
special  paints,  1013 
sUin.  1015 
standard  formulas,  specifications,  and  tests, 

1018 
test  for  paints,  1011 
thinners,  1013 
varnish,  1016 

water  and  spirit  stains,  1015 
white  lead  pigments,  1011 
whitewash.  1018 
Painting  by  compressed  air.  880-881 
cost  of.  1043 
estimating  cost  of,  1057 
Parabolic  type  formula  for  columns,  206 
Parapet  walls,  598.  611,  626-627 
Parchment  papera,  1019 
Park  bmldings.  734 
Parquetry  flooring,  448 
Partitions,  610-624 
brick.  619 

cold  storage  buildings,  622 
concrete,  620 
deadening,  617,  622 
expanded  metal  and  plaster,  621,  622 
fliUahea  for,  628 
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Partitions,  gsrpsum  block,  621 
lith.  622 

mill,  slow-burning,  and  fireproof  buildlagSt  619 
non-fireproof  buildinga,  621 
plaster  board,  622 
tUe,  620 
toilet  room,  624 
wall  board,  622 
wood  and  plaster,  621 
Party  walls,  616 
Paul  pumps.  1201.  1206 
Peabody,  Arthur,  on  Architectural  design,  711-722 
on  Architectural  practice,  1064-1067 
on  Architectural  timber  work  of  roofs,  670 
on  Farm  buildings,  77^-778 
on  Mail  chutes,  680-681 
on  PubUc  buUdings.  722-747 
on  Swimming  pools,  676-680 
Pearson,  J.  C,  on  Stucco,  930-934 
Penitentiaries,  741 
Penn  Metal  Co.,  941.  943.  945,  946 
Phelps,  Prof.  E.  B.,  1228 
Phoenix  Bridge  Co.,  tests  on  cast-iron  columiii,  SOS 

Construction  Co.,  366 
Pier  construction  for  walls.  610 
Pien  and  buttresses,  305-308 

designing  for  stability,  307 
methods  of  failure.  305 
principles  of  stability,  305 
Piers,  brick,  tests  on,  1430-1438 
Pigments,  1011 
Pile  driving.  809-811 

concrete  piles*  810 
cutting  off  piles.  811 
detail  equipment.  810 
driver  leads  or  gins.  800 
engines.  809 
hammers,  809 
hand  driving,  809 
horse  driving,  809 
jetting.  810 
pile  points,  810 
pulling  piles,  811 
Pile  driving  equipment.  848-858 
drop  hammers,  853 
pile  caps,  856 
drivers.  851 
hammers,  852 
points  or  shoes,  856 
pulling  piles,  858 
sheet  piling,  848 
steam  hammers,  853 
steel  sheet  piling.  848 
wooden  sheet  piling.  848 
Piles,  built  in  place,  359-360 
concrete,  359 
pre-cast,  359 
wooden,  356-358 
Pin  connections,  293 
Pintles  in  mill  construction.  893 
Pipe  coils,  1099 
drawings,  829 
shafts,  framing  for,  408 
threading  machines,  883 
Pipes  and  fittings  for  water  supply,  1214-1810 
cast-iron  pipe,  1214 
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PI  pM  Attd  flttiiifli  for  wster  mipply*  eooente  i»ipe,  1S17 
oott  of  laying  pipe,  1216.  1217 
lead  eenriee  pipe,  table,  1216 
etandard  lorewed  fittinv.  ]21fr>1210 

flange  flttinge,  1218 
wood  ttave  pipe,  1215 
wrought-iron  pipe,  1216 
Pipee  for  heating.  Me  under  Heating. 
Piping  and  flttingi,  1172-1177 

blow  off  and  feed  pipee,  1174 

ooverings,  conductivity,  table,  1176 

dimensions  of  pipe,  table,  1173 

fittings  and  valves,  1174 

heat  loeses  from  oovered  and  uncovered  pipe, 

table.  1177 
joints  and  flanges,  1172 
pipe,  1172 

covering,  1174 
rules  for  flanged  fittings.  117£ 
Pitch  of  roof,  2 
Plaster  board,  gypsum.  036 
board  partitions,  622 
fire-resistance  of,  330 
of  Paris,  034 
work,  832 
Plastering  machines.  881 
Plate  and  box  girders,  182-180 
combined  stressee,  184 
determining  resisting  moment,  182 
flange  riveting,  184 
flanges,  182 

horbontal  shear,  formula,  183 
neutral  axis  of,  07 
stiff ener  angles,  183 
web  and  flange  splices,  183,  281-285 
platee,  182 
reinforcement,  184 
riveting,  183 
Plate  glass,  1006 
Plates,  steel,  definition,  05 
Plumbing  and  drainage.  1245-1284 
area  drains,  1247 
bath  tubs.  1250 
bubbling  fountains.  1254-1256 
chemical  installations,  1240 
cold  water  consumption,  valves  and  piping,  1253 
drains,  subsoil  and  trench.  1245 
drinking  devices,  1254-1256 
fixtures,  securing  and  hanging,  1251 
hot  water  consumption  and  heating  mediums. 

1251 
house  drains,  1247 
lavatories,  1250 
lead  burning,  1240 
waste  pipe,  1247 
plumbing  fixtures.  1250 
rain  water  leaders,  1246 
roof  terminals,  1246 
sewers,  main  and  house,  1245 
showers.  1250 
sinks.  1251 

storm  water  disposal.  1245 
swimming  pools,  1251 
traps.  1248 
urinals,  1250 
vents.  1248 


Plumbing  and  drainage,   waste  dieoharge  bated  on 
water  oonsnmption,  1247 
water-doeets,  1250 
yard  drain  and  catch  basin,  1246 
Plumbing  and  drainage  regulations,  1256-1284 
catch  basins,  sumps,  and  ejecton,  1275 
explanation  of  terms,  1250-1260 
floor  drains  and  fixture  wastes,  1276 
inspections  and  tests,  1280 
joints  and  connections,  1272 
miscellaneous  provisions,  1274 
outside  of  buUding,  1256-1250 
plumbing  fixtures,  1277 
quality  and  weight  of  materials,  1268 
repairs  and  reoonstrurtion,  1270 
sewen  and  drains.  1261-1268 
soil,  waste,  and  vent  pipes,  table.  1262 
suggestions,  1283 

surface  and  rain  water  connections,  1274 
toilet  rooms  for  public  buildings,  1281 
traps  and  dean-outs,  1271-1272 
within  the  building,  1260-1288 
Plumbing  work,  820 
Pneumatic  caissons,  361-365 

tanks,  1212-1214 
Poisson's  ratio,  definition,  6 
Pole  in  equilibrium  polygon,  13 
Pole,  Prof.,  formula  for  flow  of  gas,  1358 
Police  stations,  730 
Poorhouses.  744 
Portland  cement,  048,  040 

standard  spedfications  for,  1408 
Podtive  moment.  23 
definition.  7 
shear,  22 
Post  and  girder  cap  connections,  250 
-caps,  250 
definition,  2 
Power.  1166-1172 
auxiliaries,  1171 

comparisons  of  engines  and  turbines,  1170 
compotmding,  1168 
condensers,  1171 
condensing  water  required.  1171 
gas  engines.  1166 

impulse  reaction  type  of  turbine,  1170 
impulse  type  of  turbine,  1160 
prime  movers,  1166 
reaction  type  of  turbine,  1170 
removal  of  entrained  air,  1171 
steam  engines.  1167 

turbines.  1160 
superheated  steam.  1170 

volumes  and  pressures  of  steam  affecting  economy. 
1160 
Power  generating  system  combined  with  heating,  112& 
plants.  788 
pumps.  1205 
saws,  870 
Pratt  truss,  streee  coeffidents,  tables,  478-481 
Preparation  of  building  dte,  807-800 
Pressure  tanks,  647 
Prism  glass,  1006 

Privies.  Me  Waterless  toilet  conveniences. 
Properties  of  sections,  06 
Protection  of  structural  sted  from  fire,  337-840 
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PubUc  buildinffi.  722-747 

charitable  purpose  buildings,  744 

churohes,  737 

city  halls.  723 

civic  centers,  736 

club  houses,  725 

coloBseums.  725 

convention  halls,  725 

court  houses,  722 

dance  halls  and  academies,  735 

detention  buildinss,  739 

expositions,  734 

fair  park  buildings  and  grounds.  732 

fire  engine  houses.  724 

homes  for  dependent  children,  744 

for  the  aged  and  infirm,  744 
hospiUIs,  744 
hotels,  724 

industrial  schools,  and  homes  for  women.  741 
insane  asylums.  743 

institutions  isolated  from  towns  and  cities,  746 
jails.  740 
libraries,  723 
lookups,  739 
mausoleums,  736 
military  buildings,  735 
municipal  buildings,  723 
normal  schools,  731 
park  buildings,  734 
penitentiaries,  741 
police  stations,  730 
poorhouses,  744 

public  comfort  stations,  735,  769-775 
railway  stations.  725 
reformatories,  741 
schools,  731 

for  deaf  and  blind.  744 
theaters  and  music  halls,  734 
tombs,  memorials,  and  halls  of  fame,  736 
town  halls,  723 
tuberculosis  sanitarium,  745 
universities,  725-731 
veterans'  homes,  744 
work  houses,  740 
Public  comfort  stations,  735,  769-775 

adequacy  of  accommodations,  771 

depositories,  774 

entrance  screen,  771 

fixtures,  774 

floor,  773 
drains,  774 

light,  773 

location  and  operation,  769 

partitions  between  fixtures,  774 

service  closet,  774 

sise,  773 

submission  of  plans,  771 

supervision  of  construction,  771 

uniform  sign  required,  771 

ventilation,  773 

walls  and  ceiling,  774 
Public  libraries,  723 

schools,  731 
Pulp  and  paper  mills,  791 
Pumping  equipment,  858-860,  1199-1209 
air  lift  pumps,  1202-1205 
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Pumping  equipment,   centrifugal  or  turbine  pampi{ 
859,  1207 
city  water  lifts,  1207 
deep  well  plunger  pumps,  1201 
diaphragm  pumps,  858 
fire  pumps,  and  engines,  1207 
hand  lift  pumps,  858 
horsepower  required  to  raise  water,  1207 
hydraulic  rams,  1199 
impeller  pumps,  1202 
Indiana  air  pumps,  1203 
Kewanee  Private  Utilities  Co.'s  pump,  1206 
Niagara  rams,  table,  1201 
Paul  pumps,  1201,  1206 
power  pumps,  1205 
pressure  pumps,  859 
residential  pumping  plants.  1206 
rotary  pumps.  1202 
steam  cylinder  pumps.  860 

pumps.  859 
Sullivan  air  lifts,  1203 
triplex  pumps.  860 
windmills,  1208 
Pumping  of  excavations,  814 
Purdy,  C.  T..  on  Shafts  in  buildings.  642-645 

on  Stairs.  634-641 
Purification  of  water,  1182-1188 
Purlins,  189-105 

connections  to  roof  covering,  460 

definition,  189 

design  for  flexible  roof  covering,  191 

for  rigid  roof  covering,  190 
details,  459 
free  to  bend,  192 
lateral  support  by  tie  rods,  193 
load  carried  by,  189 
spacing  of,  457 
unsymmetrical  bending,  189 
Putnam  Machine  Co..  foundry,  782,  789,  700 
Putty  and  puttying,  1010 
Pussolan.  948 
Pjrrona  doors,  632 
Process  Co..  632 

Quarry  tile  floors,  450 

Radiators,  1098 

column,  1098 

determination  of,  1004 

enclosed.  1000 

hot  water.  1008 

indirect,  data  on,  1110 

location  of,  1000 

pressed  steel.  1008 
Railroad  retaining  walls,  600 
Railway  stations,  725 
Rain  leadens,  1108.  1100.  1246 
Rankine  type  formula  for  steel  columns,  206 
Ransome  unit  system.  431 
Rayleigh  resonator.  751 
Rays,  in  equilibrium  polygon,  13 
Reactions.  17-22 

definition,  2 

determination  of,  18 
Refinite  Co.'s  water  softeners,  1188 
Reformatories,  741 
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Refruceration.  mechanical,  1381-1389 
absorption  system,  1383 
British  thermal  unit,  1381 
oold  storage  plants,  1388-1389 
oompreasion  system,  1382 
ioe  manufacturing  plants,  1387-1388 

storage  buildinsn,  1388 
latent  heat.  1381 

measurement  of  refrigerating  effect,  1381 
methods  of  application,  1385 
practical  notes,  1388 
proportioning  of  cooling  surface,  1386 
rating  of  refrigerating  machines,  1381 
refrigerating  load,  1384 

mediums,  1381 
specific  heat,  1381 
systems.  1382 
Refrigerator  doors  in  oold  storage  buildings.  631 
Regulations  for  plumbing  and  drainage.  1266-1284 
Reinforced  concrete.  986-987 

bending  and  direct  stress,  68-79 
concrete  as  fire  and  rust  protection  for  steel.  986 
notation  for,  1407 
quality,  importance  of,  987 
•teel  as  a  component  material,  986 
unit  stress  values,  987 
weight  of,  987 
working  stresses,  1443-1444 
Reinforoed-concrete  beams  and  slaba.  127-171 
bending  reinforcement,  diagram.  167 
bond  stress.  134 

designing  tables  and  diagrams.  146-167 
fire  protection,  136 
flexure  formulas,  127 
moment  distribution,  145 
moments  assumed  in   design   of  continuous 

beams,  139 
rectangular  beams  reinforced  for  compression, 

137 
rods,  areas  of,  etc.,  tables,  149-152 
safe  loads,  tables.  154-159 
•hearing  stresses,  129 
•lab  design  and  reinforcement,  140 
•pacing  of  reinforcement,  136 
■pan  length,  129 
stairs,  167-172 

strength  of  solid  slabs,  table.  160 
T-beams.  141-145 
use  of  tables  and  diagrams.  129 
wet  reinforcements,  130-134 
Reinforcement  for  concrete.  958-977 
cost.  1055 

See  aUo  Steel  reinforcement. 
Renaissance  style  of  architecture,  713 
Residences,  foundations  for,  353 

lighting  of.  1342 
Resisting    moments   of    wooden    beams,    table,   107- 

108 
Resolution  of  forces,  definition,  7 

of  concurrent  forces.  8.  9 
Restrained  and  continuous  beams.  42-49 
Resultant  of  forces,  definition,  7 
Retaining  walls.  682-690 

angles  of  repose  of  earths,  683 
cantilever  wall.  685 

coeffideirt  of  friction  of  materials,  682 
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Retaining  walls,  equivalent  fluid  pressure,  683 
masonry.  685 
reinforced  concrete,  685 
sloping  back  fill,  688 
stability,  682 
steel  sheet  piling,  688 
structural  steel  frame  walls.  688 
supported  top  and  bottom.  687 
supporting  railroad  track,  690 
surcharge,  689 
wall  with  back  ties,  687 
weight  of  earths,  683 
Revolving  doors,  633 
Rib  metal.  971 
Ribplex.  973* 
Richardson,  H.  H.,  722 
Richtmeyer,  F.  K.,  1346 
Ries,  H..  on  Building  stones.  898-911 
Rife  Hydraulic  Mfg.  Co..  1200 
Rise  of  roof,  2 
Risers  of  stairs,  635 
Rivet  sets,  878 

Riveted  tension  members.  230 
Riveters  for  steel  erection,  877 
Riveting,  flange,  184 

web.  183 
Rivets,  clearance,  269,  270 

compared  with  bolts  in  direct  tension,  270 
dimensions,  261 
driving,  268 
edge  distance,  265 
failures,  269 

for  steel  members,  260-271 
gage.  263 
grip.  262 
holes.  263 
kinds.  260 
loose.  268 
pitch,  263 

reduction  of  area  for  rivet  holes,  table,  276 
•hearing  and  bearing  values.  269,  274 
sises.  261 
spacing.  266,  269 

stagger  of.  to  maintain  net  section.  277 
See  aUo  Splices  and  connections  for  steel  mem- 
bers. 
Roberts,  A.  W.,  On  Cast-iron  lintels,  123-126 
on  Masonry  arches.  299-304 
on  Plate  and  box  girders,  182-189 
on  Steel  beams  and  girders,  115-123 
Rock  drills.  844 

excavation,  812 
Rocks  suitable  for  concrete  aggregates,  958 

used  for  building  stones,  899 
Roebling's  Sons  Co.,  946 
Rogers.  H.  S.,  on  Cast-iron  columns,  202-205 
on  Columna,  58-64 
on  Stresses  in  roof  trusses.  53-58 
Rollers,  effect  on  reactions  of  a  structure,  18 
Roman  orders  of  architecture,  721 
Roof  coverings,  eee  Roofs  and  roof  coverings. 
Roof  drainage.  599-603 
catch  basins,  602 
drainage  slopes  on  flat  slabs,  602 
durability.  603 
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Roof  dntnace,  fitneas.  603 
flafthins,  A99 

general  considerations,  602 
cutters.  599.  1246 
leaders.  601 

materials  and  workmanship,  608 
pitch  of  roof,  599 
usefulness,  602 
Ro<^  framing,  concrete,  410-433 
framing,  timber,  883-887 
stresses,  «ee  under  Roof  trusses. 
Roof  truBses,  384,  454-588 

bracing  of  roofs  and  buildings,  461 
cambered  fan  truss,  tables.  489 

Fink  truss,  tables,  480-488,  495-497 
choice  of  sections,  462 
combinations  of  loads,  468 
connections  between  purlins  and  roof  coTering, 

460 
definitions,  454 
fan  truss,  Ubles,  476,  477 
Fink  truss,  tables,  472-475,  480-488,  490-500 
form  of  members,  463 

of  trusses,  455 
girts,  spacing  of.  459 
hammer  beam,  586 
Howe  truss,  Ubles,  482-485,  501-504 
joint  details,  463 
limiting  spans,  tables,  458,  459 
loadings,  464 
pitch,  456 

Pratt  truss,  tables.  478-481 
purlin  and  girt  details,  459 
purlins,  spacing,  457 
scissors  tsrpe,  581 
snow  loads,  467 
spacing,  456 

stress  coefficients,  469-504 
stresses  in,  53-58 
weight,  465 

estimated,  537 
weights  of  materials,  table,  464 
wind  coefficients,  tables,  498-504 

load,  466 
Roof  trusses,  arched,  559-578 

bracing,  578 

design  of  members  and  joints,  576 

form  of,  559 

hingeless  arches,  568 

loading  conditions,  570 

reactions  and  stresses,  561-570 

stress  in  three-hinged,  571-575 

temperature  stresses,  565,  567 

three-hinged  arches,  562 

two-hinged  arches.  565 
Roof  trusses,  ornamental,  579-588 

analysis  of  combined  trusses,  587 

architectural  timber  work,  579 

hammer-beam,  stresses  in,  586 

joint  details,  588 

stresses  in  a  scissors  truss,  581 
Roof  trusses,  steel,  525-541 

bracing,  design  of,  541 

compression  members,  530 

design  of  members,  529 

joints,  design  of,  532 
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Roof  trusses,  steel,  loadings,  520 
minor  details,  536 
purlins,  design  of.  527 
sheathing,  design  of,  526 
stress,  determination  of.  in  membcn.  527 
tension  members,  530 
top  chord,  design  of,  for  stress,  537 
type  and  form.  525 
Roof  trusses  with  knee  braces,  542-558 
bracing,  design  of,  556 
design  of  members  and  columns,  500 
girts,  design  of,  555 
joints,  design  of,  554 
stress  determination,  542,  548 
Roof  trusses,  wooden,  505-524 

bottom  chord  tension  member,  509 
compression  web  members,  509 
design  of  members.  509 

of  sheathing,  rafters  and  purlins,  507 
general  drawing,  524 
joint  details  for  trusses  with  built-up  members. 

523 
joints,  design  of,  511 
purlin  connections,  details.  523 
stress,  determination  of,  in  members,  507 
top  chord  member,  509 
vertical  tension  rods,  510 
weight,  estimated,  524 
Roofing,  estimating  cost  of,  1057 
Roofs,  determining  reactions  of  trusses.  19 
in  mill  construction,  396 
sloping,  purlins  for,  189-195 
steel   framing   for,   tee  Floor  and  roof  framing, 
steel. 
Roofs  and  roof  covering,  588-598 

asbestos  corrugated  sheathing,  596 

protected  metal,  595 
cement  tile,  596 
clay  tUe,  596 
climatic  conditions,  589 
concrete  slab  deck,  500 
condensation  on  roofs,  597 
conditions  of  design,  589 
copper  594 
cornices,  598 
corrugated  steel,  595 
cost  of  coverings,  1043 
fire  risk,  590 
ghMs,  597 

gypsum  composition,  591 
hollow  tile,  591 
insulating  roofs.  598 
lead.  595 
metal  tile.  597 
parapet  walls,  698 

precautions  in  design  and  erection,  500 
prepared,  596 
reinforced  gypsum,  591 
roof  decks,  590 
selecting.  588 
shingles.  592 
slag  or  gravel,  596 
slate,  593 
tin.  593 
wood.   592 
sine,  594 
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Hope,  eotton.  maaUft,  and  wir«.  884 
Rubber  tile  floore,  450 
Rupture  etreee,  definition.  8 

Safe  load,  definition,  6 
Safety  deposit  vaults,  819 

factor  of,  6 
Sand  for  concrete,  956 
Sandstones,  909 
Sanitarium,  tuberculosis,  745 
Saville.  C.  M.,  1190-1192 
Saw-tooth  roof  construction,  concrete,  433 
roof  framing,  385 
•kylixhts.  607 
steel  framing  for.  408 
Saws,  power,  870 
Scaffolding.  828 
Scaffolds,  873-875 
fixed,  875 
borse,  876 
outrigger.  876 
pole.  875 
suspended,  875 
Sobool  planning,  754-765 
auditorium,  762 
building  laws  of  siates,  754 

measurements.  758 
chemical  laboratory.  762 
ohMs  rooms,  759 
oommercial  high  schools.  756 
continuation  classes,  757 
corridors,  760 
educational  surveys,  754 
fire  protection,  765 
fi«C  pole,  765 
gardens,  765 
Gary  plan,  755 
gymnasiums,  761 
beight  of  buildings.  757 
intermediate  schools,  756 
Junior  high  schools.  756 
kindergartens.  761 

laboratories  and  chMs  rooms.  763-764 
library,  762 

manual  training  schools.  756 

offices,  764 

one-story  schools,  767 

orientation  of  building,  75« 

part-time  classes,  767 

physical  laboratory.  763 

play  grounds.  765 

primary  schools.  755 

program  of  studies.  764 

school  organisation.  756 

senior  high  school.  756 
sites.  754 
stairways.  761 
standardisation,  766 
swimming  pools.  762 
toilet  rooms,  761 
vocational  schools,  767 
wardrobes.  760 

wider  use  of  school  buildings.  757 
Ichools.  for  deaf  and  blind,  744 
industrial.  741 
public,  731 
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Solsiori  tniai.  wtrmam  in,  581 
Sorapen.  838>840 
Screws,  231.  236 

lateral  resistance,  232,  239 

resistance  to  withdrawal,  244 
Seat  connections,  405 

SecUons.  steel  and  wood,  properties  of,  96 

Self-sentering,  972 

Separators  for  steel  beams.  117,  118 

in  steel  framing,  406 
Serginsky,  I.  V.,  1109 
Sewage  dbposal,  1220-1231 
broad  irrigation.  1228 
collection  and  flow  of  sewage,  1220 
composition  of  sewage.  1222-1223 
contact  filters,  1227 
cost.  1221 
details.  1221 
dilution.  1224 
Dortmund  tank.  1229 
filters.  1227.  1231 
Imhoff  tanks.  1226.  1231 
inspection  and  control  of  plants.  1230 
limiting  grades.  1221 
materials  used  for  sewers,  1220 
population  served  by  sewers,  table,  1220 
processes  of  purification,  1224-1231 
screening.  1224 
sedimentation,  1224 
sedimentation  tank.  1226 
selection  of  method  of  treatment.  1229 
septte  tanks.  1225.  1230 
sise  of  sewers,  1220 
slow  sand  filters.  1227 
sprinkling  filters.  1227 
sub-eurface  filters.  1227 
tank  treatment,  1224,  1230 
U.  a  Public  Health  Service  design.  1228 
variations  of  flow,  1221 
workmanship.  1221 
Sewers,  main  and  house.  1246 

regulations.  1261-1268 
Shafts  in  buildings.  642-646 
dosed,  642 
elevator.  643 
kinds,  642 
open.  642 

stairway  enclosures.  642 
Shapes,  steel,  96-98 
Shear,  definition.  4 

horisontal.  in  wooden  beams.  99 
of  cast-iron  lintels.  124 
of  steel  beams,  116 
pin  splice,  263 
Shearing  stresses  in  reinforced-concrete  beams.  129 

in  T-beams,  143 
Shears  and  moments,  22-34 

absolute  maximum  moment,  34 
concentrated  load  systems,  32 
definition.  22 
diagrams.  23 

effect  of  floor  beams  in  bridge  construction,  26 
influence  lines,  30 
maximum  moment,  24 
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Shears  and  momentB,  majdmum  shear,  24 
with  floor  beams.  33,  34 
without  floor  beams.  32 
moment  determined  Kraphically,  25 
moving  uniform  load,  20 
single  concentrated  moving  load,  28 
Sheathing  for  frame  walls,  615 
of  floors,  377 
roof,  383 

papers,  felts,  etc.,  1018-1020 
Sheet  metal  walls.  615 

piling,  360 
Shingles,  502 
wall,  615 
Shoe  factoriee.  703 
Showers.  1250 

Shrinkage  stress,  definition,  6 
Siding  for  frame  walls,  615 
Simple  and  cantilever  beams,  34-41 

beam,  definition,  2 
Sinks.  1257 
Simpson.  Russell,  249 
Site,  preparation  of,  807-809 
Sised  timbers,  100 

Skylights  and  ventilators,  603-608,  1347-1348 
box  skylights,  607 
corrugated  glass  sheets,  606 
flat  glass,  606 
general,  603 
glass,  605 
inserts  in  concrete  slabs,  and  in  tile.  605 
tile.  605 
in  piano  of  roof,  605 
longitudinal  monitors,  607 
not  in  plane  of  roof.  607 
saw-tooth  construction.  607 
translucent  fabric.  606 
transverse  monitors.  607 
Slab  steel  construction,  410 
Slabs,  reinforced  concrete,  140 
Slate.  Oil 

roofs,  503 
tests  for,  006 
Slope-deflection    method    of    determining    moments. 

214 
Slow  burning  buildings,  partitions  in,  610 
Slow-burning  timber  mill  construction,  387-307 
anchoring  steel  beams,  306 
basement  floors,  397 
beam  arrangements,  305 
columns  and  walls,  306 
floor  details.  305 
pintles  over  columns,  303 
rigidity  of  connection.  304 
roofs.  306 
Smith,  C.  S..  466 

formula  for  wooden  columns,  107 
Smith,  H.  B.,  Ck>..  1153.  1154 
Smith,  Stewart  T.,  on  Mechanical  refrigeration,  1381- 

1380 
Smith,  T.  A.,  277 
Smulski,  Edward.  45 
Snow  load  on  domes,  600 

on  roofs,  467 
Soil,  kinds  of.  34^350 
Sound,  «M  Aooustaos  of  buildings. 
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Southern  Pine  Association,  00.  103,  308 

specifications  for  grades  of  lumber,  803,  805 
Space  diagram,  definition,  8 
Span  of  roof  truss,  definition,  2 
Specifications,  1074-1077 
city  codes,  1077 
contract  kept  secret,  1076 
definiteness,  1074 
forms  of,  1074 
material  standards,  1076 
penalties,  1076 

schedules  of  materials  and  work,  1076 
sheets  for.  1077 
Spikes,  231 

resistance  to  withdrawal.  244 
Splices  and  connections  for  steel  members.  260-208 
beam  connections,  limiting  values  of.  287 
beams,  gages  and  dimensions,  table,  266 
bolts.  260,  271 

channels,  gages  and  dimensiona  for,  266 
decuance  for  the  die  on  riveter,  260,  270 
compression  members,  270 
connection  angles.  285 
cotter  pins,  table.  208 
cover  plates,  splicing,  285 
design  of  joints.  278 
dimensions  of  rivets.  261 
driving  of  rivets.  268 
eccentric  connections,  280 

avoiding,  202 
efilciency  of  a  joint,  270 
failure  of  joints,  272 

of  rivets.  260 
flange  angles,  splicing,  284 
friction  in  joints.  272 
grip  of  rivets  and  bolts,  262 
joint  computations.  273 
joints,  lap  and  butt.  271-272 
location  of  rivets.  263 
loose  rivets,  268 

lug  or  clip  angles  in  connections,  S88 
net  sections,  275 
pin  connections,  203 

packing,  clearance,  grip,  holes,  eto.,  207 
plates.  206 
pins,  bearing  values  and  bending  moments, 

tables.  205 
plate  girder  flange  splices.  284 

web  splices.  281 
recessed  pin  nuts,  table,  208 
reduction  of  area  for  rivet  holes,  276 
requirements  for  a  good  joint,  208 
rivet  holes,  263 
rivets  and  bolts,  260-271 

vs.  bolts  in  direct  tension,  270 
shearing  and  bearing  values,  of  riretSt  300« 

274 
siies  of  rivets,  261 
spacing  of  rivets.  266 
splices  in  trusses,  270 
splicing  cover  plates,  285 

flange  angles,  284 
stagger  of  rivets  to  maintain   ott  seotioiif 

tabic.  277 
stress  in  joints,  272 
tension  members,  280 
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Splices  and  connections  for  wooden  members.  231-250       Steel,  elements  in,  022-023 

bolted  fish  plate  splice,  250  factor  of  safety  of,  5 

bolted  steel  fish  plate  splice,  251  forgincs,  025 

bolts,  232  manufacture,  methods  of,  923 

comparison  of  tension  splices,  253  rolled  shapes,  024 

compression  splices,  254  steel  lumber,  025 

connection  of  joist  to  steel  girder,  256  stress-deformation  curve  for,  4 

connections  between  columns  and  girders,  structural,  examination  of,  025 

257  pressed,  025 

between  joists  and  girders,  254-256  See  also  Structural  steel, 

joist  hangers,  256  uniform  specifications,  025 

joists  framed  into  girders,  255  Se«  also  Concrete  reinforcement, 

lateral  resistance  of  nails,  etc.,  232-244  Steel  beams  and  girders,  11&-123 

modified  wooden  fish  plate  splice,  250  beams  with  cover  plates,  117 

nails,  231  bending  moment,  115 

post  and  girder  cap  connections,  250  buckling  of  web,  115 

resistance  of  timber  to  pressure  from  cylin-  deflection,  116 

drical  metal  pin,  248  double-layer  beam  girders,  117 

to  withdrawal  of  nails,  etc.,  244  grillage  beams,  118 

aorewB.  231  lateral  support  of  compression  flange,  116 

shear  pin  splice,  253  multiple  beam  girders,  117 

•teel-tabled  fish  plate  splice,  252  u/e  end  reaction  and  interior  load,  115 

tabled  wooden  fish  plate  splice,  251  shear,  115 

tenon  bar  splice,  252  strut-beams,  118 

tension  splices.  240  tie-beams,  117 

washers  for  bolts,  245-248  ^'^  *^'**  under  Splices  and  connections  for 

Splices,  web  and  flange.  183  Bieel  members. 

Splicing  flange  angles.  284  Steel  buildings,  estimating,  1028-1044 

Sprinkler  ssrstems,  1106  Steel  columns,  206-200 

tanks,  645  caps  and  bases,  200 

Stains,  1015-1016  combined  with  concrete,  200 

chemical,  1016  forms  of  cross  section,  206 

oil,  1015  formulas.  206 

water  and  spirit,  1015  lattice  or  lacing,  207 

Stair  weUs,  framing  for,  407  slenderness  ratio,  206 

work,  830-831  splices.  200 

Stairs,  634-641  stay  plates,  200 

balustrades  and  hand  rails,  630  Steel  construction,  floor  and  roof  framing,  307-410 

definitions,  634  splices  and  connections  for,  260-208 

enclosures,  630.  642  Steel  erection  equipment,  877-870 

landings  and  winders,  630  air  and  hand  dollys,  877 

locations,  638  drills,  878 

materials,  details,  and  construction,  640  riveters.  877 

reinforced  concrete,  167-172                       *  chipping  tools,  air,  878 

risers  and  treads,  635  cutting  wheels,  870 

width  and  number.  636  electric  drills,  878 

Stairway  enclosures,  630,  642  grinders,  air  and  electric,  870 

Standardised  industrial  buildings.  703-800  rivet  sets,  air,  878 

Standpipe  and  hose  systems,  1108  Steel  reinforcement,  bending  and  placing,  810 

Statically  determinate  structure,  definition,  3  See    also  Reinforced  concrete;  Reinforcement  for 

indeterminate  structure,  definition,  3  concrete. 

Statics,  definition,  7  roof  truss,  detailed  design,  525-54 1 

principles  of.  7-17  sash,  estimating,  1056 

Steam  engines  for  power  generation,  1167  glasing,  1038 

hammers,  853  sections,  beams  and  properties  of,  06 

heating,  eee  Heating.  Steel  shapes,  05-08 

quality  of,  1083  columns,  08 

shovel  excavating,  81 1  definition,  05 

shovels,  833  manufacture  of,  05 

superheated,  1083  struts  and  ties.  08 

thermal  and  physical  properties,  1081-1082  Steel  wire  gage,  table,  063 

Steel.  022-026  Steelcrete,  067-068 

alloy,  024  Sterrett.  H.  R.,  1350 

carbon,  023  Stiffener  angles,  183 

castings,  024  Stiffness,  definition.  5 

coefficient  of  expansion,  6  Stokers,  mechanical.  1166 
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Stone  maaonry,  strength  of,  1441-1442 
Stone  work.  826-827 

handling  stone.  826 
pointing.  827 
precautions.  827 
preventing  stains  on,  826 
setting,  826 

uae  of  building  stones  and  stone  maaonry,  826 
Stones,  building,  808-011 
Storage  of  water,  1200-1214 
Stovall,  Dr.  W.  D.,  1254 

Straight>Une  type  formula  for  columns,  203,  206 
Strain,  definition.  3 
Stress  and  deformation,  3-6 
curves  of  materials,  4 
Streia.  bending  and  direct,  concrete  aiKi  reinforced  con- 
crete, 68-70 
compression  over  the  whole  section,  70 
tension  over  part  of  section,  70 
theory  in  general,  68 
StresSt  bending  and  direct,  wood  and  steel,  64-68 
bending  due  to  transverse  loads,  64 
eccentrically  loaded  columns.  67 
general,  64 
Streaa  data  for  roof  trusses.  460-504 

diagrams  and  formulas  for  domes.  701-707 
fiber,  00 

of  girders,  101 
in  roof  members,  determination  of,  507,  527 
Stresses,  definition,  2,  3 

for  wooden  beams,  00 
Stresses  in  roof  truss^,  53-58 

algebraic  method  of  sections.  53 
graphical  method  of  joints.  54 
kinds  of  stresses,  53 
loads,  53 

methods  of  equations  and  coefficients,  54 
reactions.  53 

wind  load  stresses  by  the  icraphical  method,  56 
Stresses  in  trutwns,  computing.  40-53 
algebraic  treatment,  50 
graphical  treatment,  52 
methods  used,  40 
Stresses,  roof,  see  under  Roof  trusses. 
Strings  in  equilibrium  polygon,  13 
Structural  steel,  costs.  1031 

fire  protection  of,  337-340 
specifications  for.  1400 
See  also  under  Steel. 
Structural  steel  detailing.  310-321 
assembling  marks,  314 

drafting  room  organisation  and  procedure.  310 
layouts,  riveted  connections,  312 
ordering  material.  311 
shop  detail  drawings.  312 
typical  detail  drawings,  314-320 
Structural  steel  work.  815-817 

bolting  and  plumbing  of  superstructure,  817 
cycle   of   erecting   operations   with  derricks, 

816 
equipment  for  erecting  steel  frame  buildings. 

816 
locating  derricks  for  erection,  816 
power  for  derricks,  816 
riveting.  817 
setting  grillages.  815 
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Structural  terra  ootta.  017*010 
dense,  018 

hollow  tile,  kinds  of.  017 
nuunufacture,  017 
porous.  018 
aemi-porous.  018 

aises  and  weights  of  hollow  til*.  918 
tests  of  hollow  building  tile.  919 
of  tile  walls.  010.  1430 
Structure,  definition.  2 
reactions  of,  17-22 
Strut-beams,  118 
definition,  2 
Struts,  properties  of,  08 
Stucco,  030-034 
finishes,  033 

importance  of  good  deajgn.  OSO 
machines,  881 
materials,  032 
mixing,  032 
mortar  coats.  032 
structure,  031 
tools,  032 

tsrpes  of  stucco,  034 
Studding  for  frame  walls,  615 
Sullivan  rock  drills,  846 
Support  for  wooden  beams,  lateral,  100 
Surfaced  timbers.  100 
Surfacing  machines.  881 
Sweet.  A.  J.,  1341 
Swimming  pools,  076-680 
cable.  679 
construction,  677 
curbs,  678 
dimensions.  677 
diving  board,  678 
heating,  680 
in  schools.  762 
ladders.  678 
lines  and  markings,  678 
linings,  678 
location,  676 
overflow  troughs,  678 
shape  of  bottom.  677 
spaces  about  the  pool.  670 
special  pools,  670 
tile  finish,  678 

water  supply  and  sanitation.  680 
Sykes  Metal  Lath  and  Roofing  Ck>.,  043,  945 
Symmetrical  interlock  channel  bar  piling,  850 

T-beam  construction,  412 

T-beams  in  reinforced  concrete  construction,  141-1^ 

Tait,  W.  S..  on  Chimneys,  601-600 

on  Concrete  columns.  210-227 

on  Flat  slab  construction.  434-447 

on  Footings,  366-377 
Talbot,  Prof..  207,  200 
Tanks.  645-051 

gasolene,  051 

gravity.     647-640 

house.  040-651 

pressure.  647 

septic,  for  sewage,  1225.  1230 

sprinkler,  645 

storage,  for  water,  1200 
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relephoM  cyttemt.  1390-1307 

oommoD  battery  interphone  lytteme,  1307 
installation  of  tubtcribert*  lets.  1301 
interoommunicating  telephones,  1304 
location  of  distributing  systems,  1300 

of  switch  board,  1300 
substation  wiring,  1303 
wiring  classification,  1301 
remperature  stress,  definition.  6 
Tenon  bar  splice,  262 
Tensile  stress,  definition,  3 
Tension,  definition,  3 
Tension  members,  220-231 

illustrative  problem,  230 
riveted,  230 
rods  and  bars,  220 
splicing,  280 
wooden,  231 
Tension  splices,  240-253 
Terra  cotta,  architectural,  004-1000 
structural,  017-010 
tile,  fire  resistance  of,  338 
Terraso  finish,  451 

tUe,  450 
Textile  miU  buildings.  702 
Theater  balcony  framing,  667 
Theaters,  design.  734 

ventilation  in,  1136 
Theorem  of  three  moments,  440 
Thew  shovel,  836 

Thissscn,  F.  C,  on  Fire-resistive  column  construction, 
340-342 
on  Fire-resistive  floor  construction,  342-^46 
on  Piers  and  buttresses,  305-308 
on  Protection  of  structural  steel  from  fire,  337-340 
Thompson-Starrett  Co.,  time  schedule  for  building,  805 
Thomson,  T.  K.,  on  Foundations,  347-366 
Three-moment  equation,  43 
Tie,  definition,  2 
beams,  117 

rod,  effect  on  reaction  of  a  structure,  18 
rods  for  purlins,  103 
Tieneman's  tests,  100 
Ties,  properties  of,  08 
lile  and  concrete  floors,  tables,  417-423 
and  plaster  walls.  614 
arch  floors,  308 
floors,  440 
gypsum,  038 
hollow.  017-010 
partitions,  620 
walls,  tests  on.  1430-1440 
Tiling,  1000-1003 
erasing,  1003 
glased  tiles,  1001 
grades  of  tile,  1002 
manufacture,  1000 
aetting  of  tile.  1003 
trim  tiles.  1002 
unglased  tilee,  1001 
Timber.  887-808 

board  measure,  table.  804 
classification  of  lumber,  800 
composition  and  mechanical  properties.  888 
compression  on  surfaces  inclined  to  direction  of 
fibers.  248 
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Timber,  deeay,  880 

defects,  effect  of,  on  strength.  880 

destruction  by  animal  life,  800 

deterioration,  880 

estimating  quantities  of  sheathing,  flooring,  etc., 
807 

factor  of  safety  of,  5 

finishing  lumber,  flooring,  ceiling,  rustic,  etc..  805 

framing,  sises,  803 

general  characteristics,  887 

measurement  of  lumber,  803 

methods  of  seasoning,  880 

resistance  of.  to  pressure  from  bolts,  etc.,  248 

sawing  of,  800 

seasoning  and  strength,  888 

shrinkage,  888 

Southern  yellow  pine,  801 

strength  values,  802 

stress-deformation  diagram  for,  4 

treatment  to  prevent  decay.  800 

used  for  wooden  beams,  00 

working  unit  stresses,  802 
Timber  construction  tension  splices,  240 
Timber  detailing,  308-310 

information  in  plans.  308 
listing.  323 
plans  required,  300 
scales,  300 
Timbers,  general  mechanical  properties,  1420-1420 

siied  and  surfaced,  100 
Time  schedule  in  building  operations.  803-806 
Tin  roofs,  593 
Toilet  conveniences,  waterless.  1232-1244 

room  partitions.  624 
ToileU,  public.  760-776 
Tombs,  design,  736 
Torsion,  definition.  4 
Total  stress.  3 
Town  halls,  design,  723 
Translucent  fabric  for  skylights.  606 
Transverse  monitors.  607 
Traps,  1248 
Treads,  of  stairs.  635 
Truscon  Steel  Co..  798 

Trussed  Concrete  Steel  Co.,  943.  944.  961,  968,  971,  972 
Trussed  girders.  178-181 
Trusses,  computing  stresses  in,  49-63 

definition,  2 

reactions  of.  20 

roof.  ««0  Roof  trustM^. 

splices  in,  270 
Tuscan  order  of  architecture.  714 

Ultimate  stress,  definition.  .'{ 
Under  floors,  453 
Union  pile  hammers,  855 
Unit-bilt  system,  430 

Construction  Co.,  430,  433 

construction,  in  concrete  framing,  427 

deformation,  definition  3 

fan  heaters,  1123 

stress,  definition.  3 

stresses  for  wooden  beamtt,  UV 
United  Electric  Co..  1403 

United  States  Bureau  of  Standards,  formula  for  con- 
crete columns.  212 
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United  States  Dept.  of  Agriculture,  formula  for  wooden 
colunms.  196,  107.  199 
Public  Health  Service,  design  for  sewage  dis- 
posal. 1228 
Badiator  corporation,  1153 
steel  sheet  piling,  849 
University  Club,  Chicago,  construction,  673 
University  of  Illinois,  experiments  on  lace  bars.  207 

tests  on  combined  steel  and  concrete  columns,  209 
tests  on  concrete,  984 
University  of  Wisconsin,  tests  on  concrete.  984 
Universities,  design  of,  725-731 
Unsym metrical  bending,  79-94,  189 
Urinals.  1250 

Vacuo  hot  water  heating  system.  1126 
Vacuum  cleaning  equipment.  1401-1406 

application  of  air  to  vacuum  cleaning,  1401 

conductor.  1401 

loss  of  vacuum  in  pipe  and  hose,  1404 

machine,  1401 

relation  of  volume  and  vacuum  to  horsepower, 

1402 
use  and  abuse  of  vacuum  hose.  1405 
velocity  table,  1405-1406 
volume  and  vacuum.  1402 
Vacuum  exhaust  steam  heating.  1125 

steam  heating  system,  1123 
Vapor  systems  of  heating,  1124 
Varnish,  1016 
Vaughn.  F.  A..  1328 
Vault  construction,  618 
Ventilation.  1131-1151 

air  friction  through  coils,  etc..  1142 
velocities  through  ducts,  table,  1 143 
washers.  1138 
automatic  temperature  control,  1138 
available  head  for  flues,  table.  1145 
combination  direct  and  indirect  system.  1136 
cubic  feet  per  minute  per  occupant,  table.  1132- 

1134 
diagram  of  friction  loss  in  ducts.  1141 
double  duct  system,  1136 
duct  and  fan  circulation.  1145 
design.  1139 
systems.  1147 
equalisation  table.  1144 
fans  and  blowers,  1 150 

friction,  areas,  etc..  of  square  flues,  table,  1146 
gages  and  weights  of  pipe,  table,  1140 
gravity  circulation.  1143 

individual  or  centralised  auxiliary  stacks.  1136 
inlets  and  outlets,  position  of,  1 135 
mechanical  circulation  of  air  in  ducts,  1 140 
methods,  1135 

of  air  distribution.  1138 
preheating  air  for,  1 136 
Quantity  of  air  necessary,  1131 
separate  ducts.  1148 
theaters  and  auditoriums,  1136 
tnink  line  ducts.  1147 
Ventilators,  608 
Vents.  1248 
Veterans'  homes.  744 
Vibrations  in  buildings.  753 
Vulcan  Iron  Works,  drop  hammers,  853 


Wagons,  for  transporting  materials,  847 
Wakefield  pile,  848 
Waldram,  P.  J.,  1345 
Wall  board,  gjrpsum.  937 

partitions,  622 
shingles.  615 
Walls,  609-619 

ashlar  finish,  613 

jointing,  612 
bond  in  brick,  611 
brick,  CIO 

and  tile,  614 

faced  with  ashlar,  612 

faced  with  cement  blocks,  614 

sills.  611 

veneer,  615 
concrete,  610 
corbels,  611 
curtain,  617 
damp  proofing,  614 
deadening  partitions.  617.  622 
erection,  611 

for  cold  storage  buildings,  617 
frame,  614-615 
furring,  614 
insulation  of,  617 
ledges.  611 
masonry,  above  grade,  610 

below  grade,  609 
mortar.  611 

painting  of  ashlar  work,  613 
parapet,  611 
party.  616 

pier  construction,  610 
retaining.  682-690 
sheet  metal.  615 
stress  on  brick  work.  611 
terra  cotta  ashlar,  613 
thicknesses.  612 
tile  and  plaster,  614 

tests  on,  1439-1440 
vault  construction,  618 
wood  and  plaster.  615 
Warrington  stoam  pile  hammers.'  865 
Washers  for  bolts.  245-248 
Water-closets.  1250 
Water  consumption.  1189-1192 

apartment  houses.  1100 

factories  and  industries,  1189 

general,  1189 

institutions,  1190 

meters.  1191.  1192 

milk  condenseries.  1190 

rates  of  use  by  plumbing  fixtures,  1191 

residences.  1189 

schools.  1100 

variations  in  rates  of  consumption,  1190 
Water,  properties  of,  1080-1082 
Water,  purification  of.  1182-1188 

aeration.  1183 

chemical  treatment,  1183 

disinfoction  and  st^lixation,  1188 

filtration.  1183 

hardness  of  water.  1187 

impurities,  1182 

incrustation,  1186 
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Water,    purification    of,    interpretation    of    bacterial 
count,  1188 
rain  water  filters,  118£ 
removal  of  iron  and  mansaneee,  1186 
sedimentation,  1183 
softeners.  1187 
sources  of  pollution,  1182 
Water,  storage  of.  1209-1214 

capacities  of  tanks  or  cisterns,  1212 
cisterns.  1211 

concrete  tanks  and  reservoirs.  1211 
heat  required  to  free  tanks  from  ice,  1214 
pneumatic  tanks,  1212-1214 
steel  tanks 'and  towers,  1210 
wooden  tanks,  1209 
Water  supply  data  and  equipment.  1178-1219 
pipes  and  fittings.  1214 
pumping  equipment.  1199-1209 
purification  of  water.  1182-1188 
sources  of  water  supply,  1178-1182 
storage  of  water.  1209-1214 
useful  hydraulic  date,  1192-1199 
valves  and  piping,  1253 
water  consumption,  1189-1192 
See  aUo  Hydraulic  data. 
Water  supply  sources,  1178-1182 
driUed  wells.  1179 
driven  and  tubular  wells,  1180 
dug  or  open  wells.  1181 
ground  water.  11 79 
infiltration  galleries.  1182 
rainfall.  1178 
springs.  1181 
surface  waters,  1182 
water  in  general,  1178 
Waterless  toilet  conveniences.  1232-1244 
chemical  closets.  1238-1242 
deep  vault  privy,  1232 
double  compartment,  alternating  use  privy, 

1238 
dry  closets,  1242 
earth  excavation  privy,  1235 
incinerator  closets.  1244 
outdoor  privies.  1232 
portable  chemical  closets,  1242 
removable  bucket  privy,  1237 
septic  privy,  1236 
specifications  for  privy   construction.   1232- 

1235 
water-tight  vault  privy,  1236 
Waterproofing  of  foundations.  815 
Watertown  Arsenal,  tests  for  loads  for  columns,  107 

on  concrete,  984 
Watson,  F.  R.,  on  Acoustics  of  buildings,  747-753 
Web  and  flange  splices,  183 
connections  of  beams,  406 
members  of  roof,  2 
plates,  182 
reinforcement  in  concrete  construction,  130-134, 

184 
riveting,  183 
Weight  of  a  body,  definition.  16 
Weights  of  building  material,  table,  464 

of  merchandise.  334 
Welded  wire  fabric,  963 
Wells,  driUed,  1179 
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Wells,  driven  and  tubular,  1180 

dug  or  open,  1181 
West  Coast  Lumbermen's  Association,  99,  103,  308, 

896 
Wheelbarrows,  847 

Whipple,  Harvey,  on  Concrete  building  stone,  987-994 
White  lead  pigments,  1011 
Whitewash,  1018 
Wight  A  Co.,  W.  W.,  966 
Williard.  A.  C.  1085,  1089 
Wind  bracing  of  buildings.  651-662 

combined  direct  and  bending  stresses,  660 
computation  of  wind  bending  moments,  657 
design  of  column  for  combined  stresses,  660 
of  girders  and  connections  to  columns,  658 
effect  of  wind  stresses  on  columns,  660. 
gravity  and  wind  bending  moments,  in  girders, 

657 
masonry  buildings,  661 
mill  buildings.  661 
path  of  stress.  652 
pressure  on  end  of  building,  661 

on  side  of  building,  662 
rectangular  bracing,  654 
resistance  to  overturning,  652 
triangular  bracing,  652 
unit  stresses,  652 
wind  pressure.  651 
wood  frame  buildings,  661 
Wind  loads  on  roofs,  460 
pressure  on  domes,  699 

on  roofs,  determining  reactions  of  trusses,  19 
stress  coefficients,  tables,  498-504 
Windmills.  1208 
Window  pulleys,  1024 
Windows.  627-629 

basement,  in  masonry  walls,  628 
box  frames  in  masonry  walls,  628 
casement,  627 
hollow  racial ,  629 
in  factories,  1346 
sise  and  location,  1346 
steel.  628 
wood.  627 
Winslow  formula  for  wooden  columns,  196 
Wire  fabric  for  concrete  reinforcement,  962 
glass,  1007 
rope.  884 
Wisconsin,  contract  form  for  building.  1065 
Wisconsin   Industrial  Commission,  on  industrial  light- 
ing, 1338 
on  size  and  location  of  windows,  1346 
Witherow  Steel  Co.,  967 
Wood  and  plaster  partitions,  62 1 

and  plaster  walls,  615 
Wood  construction,  824-825 
camber  in  trusses,  825 
equipment,  825 
erection,  825 

methods  of  construction,  824 
storage  of  material,  824 
working  details.  824 
Wood  floor  surfaces,  447-449 
sections,  properties  of,  96 
screws,  231,  236 
lateral  resistance,  239 
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Wood  working  equipmentt  870-871 

boring  machinee,  871 

combination  machinee,  871 

jointers.  871 

power  saws,  870 
Wooden  beams.  08-114 

allowable  unit  etreeaes.  09 

bearing  at  enda,  100 

bending  moments,  table,  107-108 

capacity,  diagram  of,  102 

deflection,  100 

factors  in  design,  98 

girders,  101 

holes  for  pipes,  99 

horisontal  shear,  99 

illustrative  problems.  101 

joists.  100 

kinds  of  timber,  99 

lateral  support  for,  100 

quality  of  timber,  99 

safe  loads  and  deflections,  tables,  104-107,  109- 

114 
sised  and  surface  timbers,  100 
Wooden  columns,  195-202 
bases,  201 

built-up  columns,  197 
formulas  for,  196 
tables  of  working  unit  stresses,  199-201 
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Wooden  oolumns,  ultimate  loads  for,  197 
Wooden  girders,  172-181 

built-up,  17»-174 

deflection  of  truseed  girders,  181 

end  connections,  173 

horisontal  shear,  173 

illustrative  problems,  180 

loads.  172 

method  of  design,  175 

solid  section.  173 

trussed.  178-181 
Wooden  roof  truss,  detailed  design,  505-524 

roofs,  592 
Workhouses,  740 

Working  estimate  in  building  operations,  806 
load,  definition,  6 
stress,  definition,  5 
Wrought  iron.  922 
Wrecking  buildings,  808 


Xpantruss  system  of  reinforcement,  977 

Yield  point,  definition,  3 
Young's  modulus,  3 

Zinc  roofs.  594 
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